INlLRN^nOXM. APPUCATION PlBLlSiiLD UKDER iHF P VfFN'l COUPFRA'UON IRFAiT fl'OT) 



(51) inteniationtti Patent ChtiisiScation ^ : 
C07K 14/700 



(in Intel ua^JWd! Pubbcdtuin Number' WO 98/57990 | 

(43) Interna twnal Publjcatton Date. _t D"CL"iiv. I<.^>^ tl< 



f2I> Ioternatl»nal Applicntfon Number: PCT/USW1239) 
(22) liifct-tiational Filing Date; 15 June 1998 (15.06.98) 



! (30) PriorilY Duta; 

60 ( b'^ 17 Tune J'»7 U" l^^Sf) 



<7l,i Aj>ph<:ao£; ON\'X Pf!ARVf 'HCEtiTICALS, INC. [I'S/US], 
303 { Research Drive, Rjchrnond, CA 94806 (IJS). 

t72) inventors! TiOLLAh, Gideon, 172 Cataina Dif\e, Hertuitss.. 

irnri,-i ' A lifi.) NOKIH aiw ^b-" Little 

RjiJ Pie NWt fiifl ( 'Mi:-" 01S> ROSrOf-, WtjJiam: 

94703 lUSi. 



(811 IJesignaied Stite . \L AM. AT V W r/\ fiJi BO I 

Hv r^ ch K\ ru, (V, DE, DK r^- n gk c 

GM, HU IL l\ !P, KV-. KO, iU' KR, KZ K LK. 1 
IS I T, H ' t S , MD MG, MK, MN \n\ , MX S!0. t 
PL PT SO Rtf .SD SE, SG. St. <;k SL \i m. 1 

n ?H uo VN 'ti /w ARTpop^pR' voao 

Kfc, LS, Mv^ , 60, 6/ I Ct, /Wi Lu!„sm p.tei t v KM, t 
BY KO K/ Vm Rt' fi 1M) bu.«!)f>,)n{ t ^rtAT, ! 
CH. CY, DH, »K. ES. F), PR. GB, OR. IE, IT. UJ,h 
NL, PT, SE), OAPI patent (BP, BJ, CR CG, CI, CM, C 
ON. Ml,, MR, NE, SN, TO, TG). 



Pui>!ishecl ! 

Wttkotd mternatimal isearch report and to be republi^M ■ 
upon receipt of thai report. : 



(54) Hfle: ^fETHODS AND COMPOSmONS FOR TOEATINO ABNORMAL CELL GROWTH KB-ATED TO UNWANTOD 
GUANRNE NflJa-EOTIDE EXCHANGE FACIOK ACnvrVY 

(57) Atstract 

MsrtuiiJs and f.i:«??p.osUiO)i$ {ire (':e!-,crit>e<1 that siffect the, GTPase activity of tnsmte.n; of she Ras stipcntaib, prt'ierabiy R;;;:. such 
coriipositifiii'; iachnk it-iiit)iiio nuclectiiic exehfitige f-tcroi-s thai modulate ihe GTPasc activiiy, pre&rabiy in the presence of GEF cohanceis, 
ov-.-ftipl.iiv !^;;;:tt!iit~ riiK !<\>fi.f'- rxcfiange faeiixs Sseiag Rac-GEF and Tiani-I, wtiichate e«c<Kie<J by ce«am nuckic. acid se<jue«ces risai art 
h:^stu-. ;;(?;,f.rii,.\i, :.iU..i!,<; .<.: tot the guanmc iwcfootiiJe excMnjje factors eind the nucJck acid 5c<5uence» incluciing screening for Ugands 
whicli tt co>;fui.t- Kiu c.tj- i., riMiuiators of Rat!-4jEF activity, and methods of treating psthdo^cal coBditioriS associsied or relatetl to a Ras 
sifperfiittiiiy G'lPa&e, induciing Rac. 



FOR Tim PUSFOSES OF INFOSMATtON mL¥ 



Codes ossd to identify States pety to the PCT on the fiont pagss of pamphlets p»blishtn|j iTitefiiationa! spplici 



TrinstoJ !Uid Tatego 
United Stat«$ of Am<»ic 



W09S/5799© 



PCmi'S9S/12391 



Methods and Compositions for Treating Abnormal Ceil Growth Related to 
Unwanted Guanine Nucleotide Exchange Factor Activity 

5 



10 

FIELD OF THE INVENTION 

rh>.ir<.niu, r I i t ^ ! c i ii d )n\i \ •s rnv.>t'ioas nu 
tomrosuio.is h r tll i it i i , > . wth thi . >[) n> ^zui m. n oi liu cai\n\ 
01 certain guanine nutieouui' cxchamnt f^rti-^r*; 

J5 bac.K(;roiind of the invention 

Ras 1^ a mt mher o ^ , ( , {j. i, j t c sium ani: 

pahwass Ki-. 'se{t ha> ! ^ s h s ^ ^t^j „ , Milnuu i. 1 i >\Mii ana 

20 jKo b'tn sh \\n f> b itn ) n <\i\i' . >s.u p„ t^t! j isaiatr^ui 

u^^liuL' u nstou um n as s >. i i u tx to'-n uso-i i Uva v< mia .n 1 
J can >tis 111 ti V cuin ton wh'ci t t luxiii _ ( v ih ijlI i nnuil it i > 

Cos.) O \ Chimciio M ^ i J c U jnoio H i -c^io P \u N M-k r ml 
CiiLkmu J S { <>^S)t^n ^^ 1^^7 U Hii' t S ^'sn-^ ! i u husnuH K 

25 il'^'^^ (ill ^] i!v i-i ko/ma R \hmui ^ B.m \ anJ f l'» Af^./ 

/^r>/ ""2 !^^^2 Nhni n \ Im \ Clnu i \ Ov) V ) ,d K M 
tS'''^ ' ^! ' 4" i^ N \s CM) ani H 1} \ s , t M f2 OKon 

30 H hi.uro > su ^ > In thjs r'2 3rd ihes.' CjTPaies act as moiecu.ar iwjrches. oapabk 

o{ proLvS^m^ 3ntcm>aLion and men dissem naii ig tiut jnormation to cont'Ol a specttic 

pathway. 

Tt5is property of cycling between GTP and GDP stales has provided a means to 
identify and puriiy proteins which regulate the nucieotide state of Ras md Ras related 
35 GTPases. See, BogusM, M. S. arid McCornvtck. F. (1993) to?-^ 366,643-654 
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Bvramui netlit.h\drolvsisoi < T} t>t ' 1 II s lu tn pruieins 
GAP*,>fii\{. bw^n char iv.t nAd m^nv n.mi^a t ihc kd-, ianiK S t Bo|uski, 
M )nJMcC t Kk 1 ( 9"^>V//«/t lfi6 f4> (>^-. baind I I ^heag. Y.. 
kun^ W j {{ar M J 1 C.nont R \ a id A^sKeiw \ (199^) /. Bf<?/. 

5 a«m 268 2 WV> 26062 Knuith. N iiuUijlS \ dW. Tre/Ji-A G^mM(U36- 

440 Cem R ^ ard/nn^ (mb^ CHnemOiwmn tn Ce'l BioijH\ 8 216- 
2^2. The ku-wi u-ita-ntc provides a good discussion ot the properties ot those proietns 
ih It lU^a t!u .a^nme nu^Lotidc %uii ct Ras and Ris r>„idttd prottm;.. Guimne 
nucieciide dissodatioii ifthibiioris (GDIs) were identitled ba<ied on their ability to 

U) inhibit tiie dissociation of GDP. It has subsequentiy been determined that diey also 

bind 10 the GTP state, inhibiting the intrinsic and GAP stimulated GTP hydrolysis. 
See. Boguski. M. S. and McCormick. F. (1993) Nature 366, 643-654. In general. 
GAPS and eiTeciors have a high aiTinity for the GTP-botmd state, while GDI proteins 
bind most tightly to the GDP-bound state. These properties have been exploited to 

!5 parify effectors for Cdc42Hs { See, Baerodia. S., Taylor. S. 1,. Ca-asy. C. L.. 

ChemofL Jf. and Cerione, R. A. (1995) J. Biol Chetm 270. 22?3I-22737i Manser. E.. 
Leung, T.. Salihuddin. H,. Zhao. Z.-s. and Lira. L. il994)Naiure 367, 4{)-46: Martin, 
G. A.. BolJag. G.. McCormick. F. and Abo. A. (199.'?) EMBO J. 14. 1970-1978). Ras 
{See. Moodie, S, A.. Winum.sen. B. M.. Weber. M. .1. and Wolfmaa. A. (1993) Science 

20 260. I6-')8-1661 ; Rodriguex-Vidana. R. Warne. P. H.. Dhand, R.. Vanhaesebroeck. 

B.. Gout. t.. t-ry. M. .]., Waterfieid. M. D. and Downward, i. (1994) Nature 
370. 527-532) and Rho (See. Leung, T.. Manser, F... Tan. L. and Liin, L. (1995) / 
Biol. Chem. 270. 29051-29054; Watanabe. G., Saito. Y.. Madauie, P., Lshixaki. T., 
Fujisawa. K.. Morii, N.. Mukai. H., Ono. Y., Kakiziiki. A. and Nanimiya, S. (1996) 

25 Science 27 1 , 645-648). An affinity approach has aJso been employed with Cdc42Hs - 

GTP and has Jed to the characterization of iQGAPl. a poteniiai mediator for observed 
cyioskeieial events induced by Cdc42. See. Hart. M. .1.. Callow, M. Soaza. B. and 
Polakis. P. (1996) EMBO J. 15. 2997-3005. 

A modification of this affinity approach can also be used to identify and purify 

30 guanine nnclcottde exchange factors (GEE<j), GEFs can be distinguished from other 

regulatory proteins by their ability to interact prefereniialiy with tlie nucleotide- 
depleted state of G-proteins. See, Hart, M. J., Eva. A.. ZangriMi. D.. Aaronson. S. A., 
Evans, T., Cerione. R. A. and Zheng. Y. (1994) J. Biol Chem. 269. 62-65: Mosteiler, 
R. D.. Han. J. and Broefc. D. (1994) Mol. Cell. Biol 14. 1 U)4-l 1 12. By stimulating 
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LiK- 03S.sruj.lion v>> U)P md subsequent binding of GTP,GEFs play an j'mponani role 
'ji tho amvatioii :t Ra.-,-hk.i proteins. Tor exismple. Ra$ is convejted to its GTP-bound 
f.M-m h} ihc gK)<A ihAium MmiuJatcJ trariifocauoa of Sos. a Ras-specilHc GER See, 
Hiua> L. and D-unwaid, J. (lV03)Cd^ 73, 611-620. 

Tiie characten/anon t.f GEFs that specificaHy activate Rac family membijrs 
wiii help cltjcmati2 .signalling pathways in which these GTPases participate, and thus 
lead to a better understanding of the molecular basis of cell growUi, This, 'm torn, will 
enable ths ideniiiication of drugs for preventing or treating diseases where 
uncontrolled cell growth is the cause. Because Rac pfays a key role in signal 
transduction and ci;]! growth, the ideniification and properties of Rac QBH is presently 
receiving considerable scientific attention. One such Rac GEF is known. Tiam- 1 . 
See, Mtchiels, F,,. Habets, G.G., Stam, J.C., van der Kammen, R.A., and Coiiard, 
J.G. (1995) hiature 375, 33S-340. See also. Eva. A. and Aaron.^on. S. A. (1985) 
Nature M6, 213-215: Toksoz. D. and Williams. D. A. (1994) Oncogene % 621-628. 
DESCRIPXrON OF THE INVENTION 

The present invention relates to ail aspect of a guijnine exchange factor (GEF). 
in panicuiar. a Rac-GEF. A GEF modulates cell signaling pathways, both m vitro 
in vivo, by modulating the activity of a GTPase. By way of illustration, a Rac-GEF, 
which modulates the activity of a Rac G'n'ase. is described. However, the present 
invention relates to other GEFs. especially other Rac-GEFs. 

The present invention preierably relates to an isolated Rac-GEF polypeptide 
characterized by having a Src homology, Dbl homology and plecksirin homology 
domains, and variants thereof, or fragments of stich polypeptide.-;, nucleic acids coding 
for such Rac-GEFs or nuciaic acid fragments, and derivatives of the polypeptides and 
nncleic acids. 

The invention also n> ascthods <^J ussr j ^uor p>iivpv'pnJi.>s nucleic Jicids. 
0 derivatives thereof, e.g . m the rapt- nttcs diagnosiu^. ana u>st;a{„h tooLs 

Another aspect Ot the pmsont uncnnon mvohcs dniho^^vs and t the. Ugjnds 
which recoeni/e the invention Rac GLF. regulators a* Rac <W} a:,t)Vit> -md otht;r 
QU . ana nieihods of treating pathological conditions associated { r related to such 
Rac CiTPase. 

Ihr Hnfnii.Mi iS : - ; f.^sisns for ana,t>! id^nnfxsnj a,^i?nt3 

v.h5on reguialL' GLF b> measuring then eaect on GFi" acuvttv, e.g . in h.numg to i 
GTPase and/or nucleotide exchange acdvity, 
3 
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The inveniioa also reiaies to methods of assaying for GEF activity, preiemibly 
using aciivators of GEF iictivity. 

These, and oiher aspects of the iiivemion will become apparent upon & Ml 
coasideriion of the follo%viiig disciosuai. 
5 BRIEF DESCRIPTION OF THE DR-^ WINGS 

FIG. 1 shows the compiete Rucieotide sequence (SEQ ID NO: I) and deduced 
amino acid sequence {SEQ ID N0:2) for a polypeptide encoded for by a immm GEF- 
Rac gene. 

FIG. 2 shows the brain specific nucleotide sequence for a Rac-GEF. 
J ^> ^ shows the domain structures of fall length Tiain- i . and truncations of 

the raolecutc, 

FIG. 4 shows the stimulatory effect of ascorbyi stearate on Rac exchange 
activity by varioiis forms of truncated TianvL the 8.5kd and 135 kD tnoiecuies. 

FIG. 5 shows ihe effects of certain ascorbyi compounds, inosjio! lipids and 
! 5 phospholipids on Tiam- 1 stimulaied Rac-GEF activity. 

FIG. 6 shows the effects of ascorbyi steraie on Tiam- 1 constructs that have FH 
and DH domains. 

DETAILED DESCRIPTION OF THE INVENTION 
In accordance with the present inventiort, a novel polypeptide and 
20 nacieic add coding for a Rac-GEF has been identified and isolated. Alternate 

variants of the molecule have also beeen identified. As used herein, Rac-GEF 
means a polypeptide, or a nucleic acid coding for a Rac-GEF polypeptide, 
which polypeptide has a specific binding affinity for a guanine nuderjtide- 
depieted state of G-proteins (in particular Rac), a guaitine nucleotide exchange 
25 activity, an oncogemc transforming activity, and an imntunogenic activity. By 

specific binding affinity, it is meant that the polypeptide has a binding 
preference for the nucleotide-depleted state of the G-protein, in contrast, e.g., 
to the GDP- or OTP-bound state of the G-protein which is preferentially bound 
by other regiilatory proteins. By guanine nucleotide exchange activity, it is 
30 me.^nt that the polypeptide stimulates or catalyzes the dissociation of GDP 

from a G-protein, such as Rac, and subsequent binding of GTP. By cellular 
oncogemc transforming acHvity, it is meant that introduction of a nucleic acid 
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coding for Rac-GEF into a cell line, e.g., NIH 3T3 ceiis, confers a fransformed 
phenotype on such ceils. A traiisformed phenotype can be measured by foci 
formation, e.g., as characterized ar\d described by Eva and Aaronson, Nature, 
316:273-276, 1985. Immunogenic activity means that the polypeptide binds to 
5 Rac-GFF specific a itibodif s oi us capable ehci tin^ itrmu re-.p^ nse 

^pec t . tor 3 ' I r.r . ^V'^ic acttvitic>^ are di^cn--.^a bcl v Hu 

.-bo\e-m-ntiOxi. a o: « R ic oU p. is pepnut .an Dl- e e ^ a- 

dcbcnbed bolov> iv ti " fNampies or wtUm-'^ lo nic. thuds v\ nich the i-^li d 
\\ orKer wou'ci knou A Rac-GEF polypeptide, or corre^pondlng nucieic acid 

1 0 coding for it, means a polypeptide which can be isolated from a natural 

source. It therefore includes naturaUy-occtxrring normal and mutant alleles. 
Natural sources include, e.g., living ceiis obtained from tissues and vs'hole 
organisms, and cultured cell lines. 

To identify a human gene that encodes a Rac-GEF, we performed a 

15 search of the EST data base for Dlb homoiogs. The search was performed 

using an amino add sequence (residues 1 519) encoded by the human TIM 
protein (Chan et ai., 1994, Ocogene, Vol. 9, pages 1057-1063). A single clone 
was identified, and the plasmid encoding this insert was purchased via the 
IM.A.G.E, Consordum (Research Genetics). Using this cDNA as template, a 

20 51 1-bp ' F-labelled PGR product was produced using oligos 

5'-GGAGGCCATGTTCGAGCTGG-3' and 

5'- GCTGATCATCTGTTCCGTGC-3' (5' and 3' primers, respectively) and ^ P 
labelled nucleotides. Tliis labeled PGR fragment was used as a probe to screen 
approximately 4 x 10' clones of a human feta! brain Lambda ZAP cDNA 

25 library (Stratagene). .4 clone with an irjsert of 2.6-kb was isolated, and the 

complete DNA sequence of this clone was determined and shown to have a 
single open reading frame of 1950-bp that is predicted to ei\code a 650-amino 
acids protein with a caiculated molecular tnass of 74.7 kDa. A comparision of 
the DMA sequences of the EST insert to the fetal brain cDNA revealed a 72 

30 base pair Insert in the fetal brain sequence. The insert is in the DH domain. 
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As discussed more m the Examples, Norton analysis revealed a 3.5 kb 
transcript in brain tissue and a 4 kb transcript in Uver. Consequently, using 
tiie additional sequence identified from the 2.6-kb sequence that was not 
present in EST #167059 we identified another EST (#109922) that had been 
isolated from a human cDNA liver library. The piasmid containing this iiisert 
was also ob tained, and the insert sequenced which revealed an initiating 
rnetiuonine. 

Fig. 1 (SEQ ID NO(s): 1 and 2) show the alignrneiU of the full length 
iiver nucleotide cDNA sequence, with its deduced amino acid sequence, 
respectively. It is note worthy that this sequence has an additional 126 amino 
acids which differ from the amino-terminai 66 amino adds of the 2,6 kb brain 
cloned (Fig. 2). Also shown in the figure are various domains, including the 
Src homology 3, Dbl homology and pleckstrin homology domains. It, or its 
corresponding gene, can be isolated from natural sources. Characterization of 
a human Rac-GEF is described below ana m the examples. 

It is noteworthy that because of {he protein-protein interactive 
properties of the Src homology 3 domain,, Ugands that bind to tMs domain 
may be identified, for example, by screemng an expression library, that affect 
Rac-GEF activity. Such Ugands would have medical applications. 

The present invention also relates to polypeptide fragments of Rac- 
GEF. The fragments are preferably biologically-active. By bioiogicaiiy-acdve, 
it is meant tiiat the polypeptide fragment possesses an activity in a living 
system or with components of a living .system. Biological-activities include: a 
specific binding affinity for a guanine nudeotide-depleted state of G-proteins, 
in particular Rac,, a guaiiine nucleotide exchange activity, an oncogenic 
transforming activity, an immunogenic activity, modulating the binding 
between a Rac-GEF and a Rac GTPase, or acdng as an agonist or antagonist of 
Rac GTPase activity. Such activities can be assayed routinely, e.g., according to 
the methods described above and below. Various fragments can be prepared. 
See the examples below for further discussion. Fragments can also be selected 
in which one or more of the mentioned activities are eliminated or altered 
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when compared to Rac-GEF. As described in the examples, such fragments 
can be prepared routineiy. e.g., by recombinant means or by proteoiytic 
cleavage of isolated polypeptides, and liten assayed for a desired activity. 

The present invention also relates to a hun^an Rac-GEF specific amino 

5 add sequence as set forth in Fig. 1 (SEQ ID NO: 2); A clone encoding such 

sequence, 128 to 71 1 amino acids and also containing 66 divergent amino 
acids as shown in Figure 2, has been deposited on December 11, 1996 with the 
American Type Culture Collection with Accession No. 98273. A Rac-GEF 
specific amino add sequence means a defined amino acid sequence. A specific 

10 amino acid sequence can be found routinely, e.g., by searching a gene/protein 

database using the BLAST set of computer programs. A Rac-GEF specific 
amino acid sequence can be useful to produce peptides as antigens to generate 
an immune response specific for Rac-GEF. Antibodies obtained by such 
immunization can be used as a specific probe for the Rac-GEF protein for 

15 diagnostic or research purposes. Such peptides can also be used to inhibit the 

Rac-GEF binding to Rac to inoduiate pathological conditions in cells. 

A polypeptide of the invention, e.g., having a polypeptide sequence as 
shown in Fig. 1 (SEQ ID N?0; 2), can by analyzed by available methods to 
identify structural and /or functional domains in the polypeptide. For 

20 example, when the polypeptide coding sequence set forth in Fig. 1 {SEQ ID 

NO:2) is analyzed by computer algorithms, a continuous coding sequence 
comprising the following domaiits is identified: Src homology, Dbi homology 
and pleckstrin homology domains. Various programs can be employed to 
analyze structure of the polypeptide, including, EMBL Protein Predict; Rost 

2S and Sander, Proteins, 19:55-72, 1994; Kyte and Doolittle, J. Moi. Bio,: 157:105, 

1982. 

A polypeptide of the present invention can also have 100% or less 
&mxxio add sequence identity to the amino add sequence set forth in Fig 1. 
(SEQ ID NO: 2). For the purposes of the following discussion: Sequence 
30 identity means that the same nudeotide or amino acid which is found in tlie 

sequence set forth in Fig 1. {SEQ ID NO: 1 and SEQ ID NO: 2) is found at the 
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corresponding position of the compared sequencefs). A polypeptide having 
less than 100% sequence identify to the amino acid sequence set forth in Fig. 1 
(SEQ. ID NO: 2) can be substituted in various ways, e.g., by a conservative 
amino acid. See bebw for examples of conservative amino acid substitution. 
5 The sum of the identical and conserved residues divided by the total number 

of residues in the sequence over which the Rac-GEF polypeptide is compared 
is equal to the percent sequence similarity. For purposes of calculating 
sequence identity and .similarity, the compared sequences can be aligned and 
calculated according to any desired method, algorithm, computer program, 
1 0 etc., inciudiiig, e.g., FASTA, BLASTA. A polypeptide having less tiian 100% 

amino acid sequence identity to the amino add sequence of Fig, 1 (SEQ ID 
NO; 2) can comprise e.g., about 60, 65, more preferably, 67, 70, 78, 80, 90, 92, 
96, 99, etc. 

A Rac GET' polypeptide, fragment, or substihited GEF polypeptide can 
15 also comprise various modifications, where such modification include 

glycosylation, covaknt modifications (e.g., of an R-group of an amino add), 
amii^.o acid .substitution, axnino acid deletion, or amino acid addition. 
Modifications to tfie polypeptide can be accomplished according to various 
methods, including recombinant, synthetic, chemical, etc. 
20 A mutation to a Rac-GEF polypeptide can be selected to have a 

biological acti\'ity of Rac-GEF, e.g., a specific binding affinity for a guanine 
nucieotide-depleted state of G-proteins, in particular Rac, a guanine nucleotide 
exchange activity, an oncogenic transforming activity, and an immuivogemc 
activity The selection and preparation of mutations of Rac-GEF is discussed 
25 below. 

Polypeptides of the present invention (e.g., Rac-GEF, fragments 
thereto, mutations thereof) can be used in various ways, e.g., as immunogens 
for antibodies as described below, as biologically-active agents (e.g., having 
one or more of the activities associated with Rac-GHF), as inhibitors of Rac- 
30 GEF. For example, upon binding of Rac-GEF to Rac, a cascade of events is 

imtiated in the cell, e.g., promoting ceil proliferation and/or cyti^skeletal 

8 



rearrangements. The interaction between Rac-GEF and Rac can be modulated 
by using a peptide fragment of Rac-GEF, e.g., a peptide fragment which is an 
inhibitor at the site where Rac-GEF inteiacts (e.g., binds) to Rac. Such a 
fragment can be useful for modulating pathologicai conditions associated with 
5 the Rac signaiing pathway. A useful fragment can be identified routineiy by 

testing the ability of overlapping fragments of ihe entire length of Rac-GEF to 
iniiibit a Rac-GEF activity, such as guanine nitcleotide exchange activity, 
bindiiig to a guaiiine nucleotide depleted state of Rac. and oncogenic 
transtorramg acnvity. The measurement of certain of these activities is described 
i 0 beiow, and in the examples. These peptides can also be identified and 

prepared as described in EP 496 162. Pepddes can be chemically-modified, 
etc. 

A polypeptide coding for a Rac-GEF polypeptide, or a derivative or 
fragment thereof, can be combined with one or more struchual domains, 

15 funchonai domains., detectable domains, antigemc domains, aod/or a desired 

polypephdes of interest, in an arrangement which does not occtir in nature, 
i.e.,, not naturaliy-occurring, e.g., as in a normal Rac-GEF gene, a genomic 
fragment prepared from the genome of a li\'ing organism, e.g., an ammai, 
preferably a mammal, such as human, mouse, or cell lines thereof. A 

20 polypeptide comprising such features is a chimeric or fusion polypeptide. 

Such a chimeric polypeptide can be prepared according to various methods, 
including, chemical, synthetic, quasi-synthetic, and /or l ecombinant methods. 
A chimeric nucleic acid coding for a chimeric polypeptide can contain the 
various domains or desired polypeptides in a continuous or interrupted open 

25 reading frame, e.g., containing iatron.s, splice sites, ei^Tancers, etc. The - 

chimeric nucleic acid can be produced according to various methods. See, e.g., 
U.S. Pat No. 5,439,819. A domain or desired polypeptide can possess any 
desired property, including, a bioiogicai function such as catalytic, signalling, 
growth promoting, cellular targeting, etc., a structural function such as 

30 hydrophobic, hydrophilic, membrane-spanning, etc., receptor-ligand 

functions, and/or detectable functions, e.g., combined with enzyme, 

9 



98/57990 



PCT^^'S9S/12391 



fluorescent poiypeptide, green fluorescent protein GFP (Chalfie et al, 1994, 
Science, 263:802; Cheng etal, 1996, Nmire Biotechnohgy, 14:606; Levy et al, 
1996, Nature Biotechnology, 14:610, etc. In addition, a Rac-GEF nucleic acid, or 
a part of it, can be used as selectable marker when introduced into a host ceii. 
For example, a nucleic acid coding for an ammo acid soqucnct yco T -im-- 1. 
the present in\^ention can be fused in-rrame to a des red ct. d:K<; -^Lqaence and 
act as a tag for punfication, selection, or nmKv.x^ i-urLVbcb The region of 
fusion encodes a cleavage site. 

A polypeptide according to the present invention can be produced in an 
expression system, e.g., in vivo, in vitro, celi-free, recombinant, ceil fusion, 
etc, according to the present invention. Modiacations to the polypeptide 
imparted by such system include, glycosyiation, amino acid substitution (e.g., 
by differing codon usage), poiypeptide processing such as digestion, cleavage, 
endopeptidase or exopeptidase activity, attachment of chemical moieties, 
including lipids, phosphates, etc. For example, some cell lines can remove the 
terminal methionine from an expressed polypeptide. 

A poiypeptide according to the present invention can be recovered from 
^^AiixT^i\ sources, transformed host ceils (culture medium or cells) according to 
the usual methods, including, ammonium sulfate or ethanol precipitation, acid 
extraction, anion or cation exchange ciuomatography, phosphocellulose 
chromatography, hydrophobic interaction ciuomatography, hydroxyapatite 
chromatography and lectin chromatography. It may be useful to have low 
concentrations (approximately 0.1-5 mM) of calcium ion present during 
purification (Price, etai., /. Bwl. Omn., 244:917 (1969)). Protein refolding steps 
can be used, as necessary, in completing the configuration of the mature 
protein. Finally, high performance liquid chromatography (HPLC) can be 
employed for final purification steps. 

In accordance with the present invention, a nucleic acid coding for a 
I<ac<iEF can comprise, e.g., the complete coding sequence as set forth in Fig. 1 
(SEQ ID NO: 1). A nucleic acid according to the present invention can also 
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comprise a xiudeotide sequence which is 100% complsmentary, e.g., an anti- 
sense, to any nucleotide sequence mentioned above and below. 

A Rac GEF encoding nucleic add according to the present invention can 
be obtained from a variety of different sources. It can be obtained from DNA 
or IWA, such as polyadenviated roKNA, e.g., isolated from tissues, cells, or 
whole orgaitism. The nucleic acid can be obtained directly from DNA or 
RNA, or from a cDNA iibrary. The nucleic acid can be obtained from a celi at 
a partictilir $tage oi development, having a desired genotype, phenotype (e.g., 
an on-ugcnicaih- transtormed cell or a cancerous cell), etc. 

A ni,u:it.'ic acid comprising a nucleotide sequence coding for a 
polypeptide according to the present invenhon can include only coding 
sequence of Rac- GEF; coding sequence of Rac-GHF and additional coding 
sequence {e.g., sequences coding for leader, secretory, targeting, enzymatic, 
fluorescent or other diagnostic peptides), coding sequence of Rac-GEF and 
non-coding sequences, e.g., untranslated sequences at either a 5' or 3' end, or 
dispersed in the coding sequence, e.g., introns. A micieic acid comprising a 
nucleotide sequence codiiuj without interruption for a Rac-GEF polypeptide 
means that the nucleotide sequence contains an amino acid coding sequence 
for s Rac-GEF polypeptide, with no non-coding nucleotides interrupting or 
intervening in the coding sequence, e.g., absent intron{s). Such a nucleotide 
sequence can also be described a.s contiguous. 

A nucleic add according to the present invention also can comprise an 
expression control sequence operably linked to a nucleic acid as described 
above. The phrase "expression control sequence^^ means a nudek acid 
sequence which regulates expression of a poiypeptide coded for by a raicieic 
acid to which it is operably linked. Expression can be regulated at the level of 
tile mRN.A. or polypeptide. Thus, the expression control sequence includes 
mRNA-related elements and protein-related elements. Such elements include 
promoters, enhancers {viral or ceUular), ribosome binding sequences, 
transcriptional terminators, etc. An expression control sequence is operably 
linked to a nucleotide coding sequeiKe when the expression control sequence 
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is positioned in such a majwer to effect or acWeve expression of the coding 
sequence. For example, when a promoter is operably Ui^ed 5* to a coding 
sequence, expression of the coding sequence is driven by the promater. 
Expression control sequences can be heter oiogous or endogenous to the 

5 normai gene. 

A nucleic acid in a<:coidau<.e with the rre.sert in\ cnh^-in can bt select' d 
on the basis of nucleic aad hvbrjduvUio'i : he obunv tw o sin^ie%-tr.ince.. 
nadeio a.jd prepir^-itjon- lo iubndi^t toger'v-- is a me<a^urc of then nudeotide' 
st'oucnc. compioxnentanty, eg , base-pairmg between nucleotides, such as A- 

0 V, C^<::, ere. The invention thus also relates to nucleic adds which hybridize to 

a nucieic acid comprising a nucleotide sequence as set forth in Fig. 1 (SEQ ID 
NO: 1). A nucleotide sequence hybridizing to the latter sequence will have a 
complementary nucleic add strand, or act as a template for one in the presence 
of a polymerase (i.e., an appropriate nucleic add synthesizing enzyme). The 

.5 present in^'ention indudes both strands of nudeic acid, e.g., a sense strand and 

an anti-sense strand. 

Hybridization conditions can be chosen to select nucieic adds which 
have a desired amount of niicieotide complementarity with the nudeotide 
sequence set forth in Fig. 1 (SEQ ID NO: X). A nudeic add capable of 

0 hybridizing to such sequence, preferably, possesses 50%, more preferably, 70% 

complementarity, between the sequences. The present invention particularly 
relates to DNA sequences which hybridize to the nudeotide sequence set forth 
in Fig. 1 (SEQ ID NO: 1) under stringent conditions. As used here, "stringent 
conditions" means any conditions in which hybndizinknx will occur where 

5 there is at least about 95%, preferably 97%, nucleotide complementarity 

bet^veen the nucleic adds. Such candihons indude, e.g., iwbridization for 
Northern: 3X SSPE, lOX Denhardts .solution, 100 pg/mi freshly denatured and 
sheared salmon sperm DNA, 50% formamide, 2% SDS at 42^0; hybridization 
for doning from .D\A bbran IX TAM, C 1 3 " .> torm.mude at i:^V 

') According to rh-- present invention, a nucleic acid . r y^Ayp^ p^ide c^n 

comprise one or more differences in the nucleotide or amino add sequence set 
12 
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forth in Fig. 1 (SEQ ID NO: 1 and SEQ ID NO: 2). Changes or modifications to 
the nucleotide and /or amtno add sequence can be accomplished by any 
method available, indudmg directed or random mutagenesis, 

A nucleic add coding for a Rac-GEF according to the invend.ia axn 
comprise nucleotides which occur in a naturaliv -occurring Rac-GEF gene e.g., 
naturally-occurring poW--iovpbi^im. r.ormal or rm;t.^nf rJleic,^ (nudecdide or 
amino add), mutations wiiich are di&co\ cred in a natural popuiatio:-! of 
m.^mmals, such as humans, monkeys, pigs, mjce, rats, or rabbits. By the term 
nahuaiiy-occurring, it is meant that the nudeic add is obtained from a natural 
source, e.g.,, animal tissue and ceils, body tluids, tissue culture cells, forensic 
samples. Naturally-occurring mutations to Rac-GEF can include deletions 
(e.g., a truncated amino- or carboxy-terminus), substitutions, or additions of 
nucleotide sequence. These genes can be detected and isolated by nucleic add 
hybridization according to methods which one skilled in the art would know. 
It is recognized that, in analogy to other oncogenes, naturaily-ocairring 
variants of Rac-GEF include deletions, substitutions, and additions which 
produce pathological condition.s in the host cell and orgarusm, 

A nucleotide sequence coding for a Rac-GEF polypeptide of the 
invention can contain codons found in a nahiraliy-occurring gene, transcript, 
or cDNA, for example, e.g., as set forth in Fig. 1 (SEQ ID NO: 1), or it can 
contain degenerate codons coding for the same amino add sequences. 

In addition, a nucleic add or polypepride of the present invention can 
be obtained from any desired mammalian organism, but also non-mammalian 
organisms. Homologs from manimaiian and non-mammalian organisms can 
be obtained according to various methods. For example, hybridization with 
an appropriate oligonucleotide selective for Rac-GEF can be employed to 
select such homologs, e.g., as described in Sambrook et ah. Molecular Ciomng, 
1989, Chapter 11. 

Such homologs can have varyirtg amounts of nucleotide and amino add 
sequence identity and similarity to Rac-GEF. Non-mammalian organisms 
indude, e.g., vertebrates, invertebrates, chicken, Drosophik. yeasts (such as 
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Saccharontycts cerevisiae), C. elegans, roundworms, prokaryotes, plants, 
ArabidopsB, viruses, etc. 

Modifications to a Rac-GEP sequence, e.g., mutations, can also be 
prepared based on homology searching from gene data banks, e.g., Genbank, 
5 EMBL. Sequencf homology searciiing can be accomplished itsmp various 

methods iududinj; aicor.:hrn- ao.-.cnbed m the BLAST tamiiy ot computer 
program.s, the bmith'\\\u^Trr^?.:\ a:.;cT^thm, etc For exainpie, con^frved amino 
acids can be identiticd between varioui, h.equences. Dbi, ibc, O^^t, l^^c, CDC24, 
etc. See, e.g., Touhara et aL, J. Biol Chem., 269:10217-10220, 1994; Toksoz and 

1 0 Wimams, Oncogene, 9:621-628, 1994; Whitehead et aL, J. Biol Chem., 

271:18643-18650, 1996. A mutation(5) can then be introduced into a Rac-GEF 
sequence by identifying and aligning amino acids conserved between the 
polypeptides and then modifying an amino acid in a conserved or non- 
conserved position. .A. mutated Rac-GEF gene can comprise conserved or 

15 nonconserved ammo acids, e.g., between corresponding regiorjs. of 

homologous nucleic acids, e.specially between Dbl homology (DH) domains, 
etc. For example, a mutated sequence can comprise corvserved or non- 
conserved re.sidues from any number of homologous sequences as mentioned- 
above and/or determined from an appropriate searching algorithm. 

Mutations can be made in specific regions of nucleic add coding for the 
Rac-GEF polypeptide, e.g., in the Dbi homology domain, such as replacing it, 
changing amino acid sequences within it, etc., to anaiyxe a function {e.g., 
oncogenic transformation, binding to a G-protei.i\, guanine nucleotide 
exchange) of the polypeptide coded for by tlw nucleic add. For example, 

25 deletion of the pieck.strjn domain would result in the loss of oncogenic 

transf ormmg activity. The pieckstf in domain can also be involved wi th lipid 
(e.g., pfiosphoinositides) binding, binding to Rac, activation of the guanine 
nucleotide exchange activity, ai^d localization of the polypeptide in the ceil 
Thus, this region can be mutagemzed according to various methods and then 

30 assayed for loss or gain of the mentioned amctions. The DH domain is 

involved with promoting GDP dissociation from the Rac GTPase, Thus, 
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substitutions or deletions within tl-iis region can be prepared and assayed 
routinely for loss or gain of function. A mutation can be made in these or 
other regions of Rac-GEF which affect its phosphorviatiot^ or protein/Hpid 
interaction ieaamg to lis modulation or the giowtii m^i ai nq jjithvs . \ -■u'cn i 
mutated g^n^ can be asetui m various ways tor dui^n in rat cuts hasiiv 
^uth^nuiuUi n i n^o ceiK r a "umiis (truiisg^m) .is a m -del lor a 

Q<x±ok i;Kai . onar \'u^ 3nc"i<^ \s mch ittert '{.UTT ^<.^n itv and 
-i lu-l. I 'ntn^ . Li-m can Dc m«io^ )as t tho^e made n\ the DH domain ot the 
Dbi oncogene as described in Hart et al, I Biol. Chem. . 269:62-65. 

A nucleic acid and corresponding polypeptide of the present invention 
include sequences which differ from the nucleotide sequence of Fig. 1 (SEQ ID 
NO; 1) but which are phenotypically silent. These sequence modifications 
include, e.g., nucleotide substitution which do not affect t.he ammo acid 
sequexice {e.g., different codons for the same amino acid), replacing nahurail y- 
occurring amino acids with homologous or comervative amino ackls, e.g.. 
(based on the size of the side chain and degree of polarization) small nonpoiar: 
cysteine, proline, alanine, thi-eonine; stnall poiar. serine, giycine, aspartate, 
asparagine; iarge polar; glutamate, giutamine, lysine, arginine; intermediate 
polarity: tyrosine, histtdine,, tryptophan; large nonpoiar: phenylalanine, 
methionine, leucine, isoleucine, valine. Such conservative substitutions also 
include those de.scribed by Daylvoff in the Atlas of Protein Sequence and 
Struch^yg S (1978), and by Argos in EMBOX. ^ 779-785 (1989). 

A nucleic add can comprise a nucleotide sequence coding for a 
polypeptide having an amino add .^sequence as set forth in Fig 1. {SEQ ID NO: 
2) except where one or more positions are substituted by conservative amino 
acids; or a nucleotide sequence coding for a polypephde having an amino acid 
sequence a.s set forth in Fig i, {SEQ ID NO:2). The invention also relates to 
polypeptides coded for by such nucleic adds. In addition, it may be desired to 
change the codons in the sequence to optimize the sequence for expression in a 
desired host. 
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A nucleic acid according to the present invention can comprise, e.g., 
DNA, i<NA, synthetic nucleic acid, peptide nucleic acid, modified nucleotides, 
or mixtures. A DNA can be double- or single-stranded. Nucleotides 
comprising a nucleic acid can be joined via various known linkages, e.g., ester, 
.suifamate, suifamide, phosphorothioate, phosphoramidate, 
methyiphosphonate,. carbamate, t=tc., depending on the desired purpose, e.g., 
resistance to nucleases, such as RNase H, improved in vivo stability, etc. See, 
e.g., U.S. Pat Nos. 5,378,825. 

Variou.s rnQd ificatioas can be made to the nucleic adds, such as 
attaching detectable markers (avidin, biotin, radioactive elements), moieties 
whid\ improve hybridisation, detection, or stability. The nucleic acids can 
alsti be attached to solid supports, e.g., nitrocellulose, nylon, agarose, 
diazotized cellulose, latex solid microspheres, polyacrylamides, etc., according 
to a desired method. See, e.g., U.S. Pat. Nos. 5,470,967, 5,476,925, 5,478,893. 

Another aspect of the present inv ention relates to oligonuclentides and 
nucleic acid probes. Such oligonucleotides or nucleic acid probes can be used, 
e.g., to detect, quantitate, or isolate a Rae-GEF nudeic acid in a test sampie. 
Detection can be desrrabie for a variety of different purposes, mciuding 
research, diagnostic, and foreiiisic. For diagnostic purposes, it may foe 
desirable to identify the presence or quantit)' of a Rac-GEF nucleic add 
sequence in a sample, where the sample is obtained from tissue, cells, body 
fluids, etc. In a preferred method, the present invention relates to a method of 
detecting a Rac-GEF nucleic acid comprising, contacting a target nucleic add 
in a test sample with an oligonucleotide under conditions effective to acWeve 
hybridization betw'een the target and oligonucleotide; and detecting 
hybridization. An oligonucleotide in accordance with the invention can also 
be used in synthetic nudeic add amplification such as ICR, e.g., Saiki et al., 
1988, Science, 241:53; U.S. Pat No. 4,683,202. 

Another aspect of the present invention is a nucleotide sequence which 
is uiiique to Rac-GEF. By a unique sequence to Rac-GEF, it is meant a 
defined order of nudeotides which occurs in Rac-GEF, e.g., in the nucleotide 
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sequence of Fig. 1 (SEQ ID NO: 1), but rarely or iiifrequently in other nucleic 
acids, especiaJiy not in an animal nucleic acid,, preferably mammal, such as 
human, rat, mouse, etc. Both sense and antisense nucleotide sequences are 
included. A unique nucleic acid according to the present invenuor. can be 
determined routineiy, A nucleic acid comprising a urdcnie Sf quence of Rac- 
GEF can be used as a hybridization probe to identify rhe presence of Rac-GEF 
in a sample comprising a mixture of nucleic acid.s. e.g., on a Northern biot. 
Hybridization can be performed under -<;h-ingei-it conditions to select nucleic 
acids having at least 95% identity (i.e., complementarity) to the probe, but less 
stringent conditions can also be used. A unique Kac-GEF nucleotide sequence 
can also be fused in-frame, at either its 5^ or 5' end, to various nudeotide 
sequences as mentioned throughout the patent, including coding sequences for 
other parte of Rac-GEF, enzymes, GFP, etc, expression control sequences, etc. 

Hybridisation can be performed under different conditions,, depending 
on the desired selectivity, e.g., as described in Sambrook et ai... Molecular 
Cloning, 19S9. For example, to specifically detect Rac-GEF, an oligonucleotide 
can be hybridized to a target nucleic acid under conditions m which the 
oligonucleotide only hybridizes to Rac-GEF, e.g., where the oligonucleotide is 
100% complementary to the target. Different conditions can be used if it is 
desired to select target nucleic adds which have less than 100% nudeotide 
complementarity, at least about, e.g., 99%, 97%, 95%, 90%, 70%, 67%. Since a 
mutation in a Rac-GEF gene can cause diseases or pathological conditions, 
e.g., cancer, benign tumors, an oligonucleotide according to the present 
invention can be used diagnosticaily. ¥ot example, a pariertt having 
symptoms of a cancer or other condition associated with the Rac signaling 
pathway (see below) can be diagnosed with the disease by using an 
oiigonudeotide according to the present invention., in polymerase chain 
reaction followed by DNA sequencing to identify whether the sequence is 
normal, in combination with other oncogene oiigonucieotides, etc, e.g-, p53, 
Rb, p21, Dbi, MrS% mi, Bd-1, Bd-2, MDM2, etc. In a preferred method, the 
present invention relates to a method of diagnosing a cancer comprising 
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contacting a sample comprising a target nudeic acid with ai\ oHgonucleotide 
under conditions effective to permit hybridizatiorv between the target and 
oiigonucieotide; detecting hybridization,, wherein the oligonticieotide 
comprises a sequence of Rac-GEF, preferably a umque sequence of Rac-GEF; 
and determimng the nucleotide sequence of the target nucleic acid to which 
the oligonucleotide is hybridized. The sequence can be determined according 
to various methods,, including isoUiting the target nucleic add, or a cDNA 
thereof, and determining its sequence according to a desired method. 

Qiigonudeotides according to the present invention can be of any 
desired sixe, preferably 14-16 oligonucieotides in length, or more. Such 
Qiigonudeotides can have non-nahiraliy-occurring nucleotides, e.g., inosine. 
In accordance with the present inveiition, the oligonucleotide can comprise a 
kit, where the kit includes a desired buffer (e.g., phosphate, iris, etc.), 
detection compositions, etc. The oHgonucleotide can be labeled or unlabeled, 
with radioactive or non-radioactive labels as known in the art. 

Anti-sense nucleic acid can also be prepared from a nudeic acid 
according to the present, pref erably an anti-sense to a coding sequence of Fig. 
1 (SEQ ID NO: 1). ,'Vntisense nudeic acid can be used in various ways, such as 
to regulate or modulate expression of Rac-GEF, e.g., inhibit it, to detect its 
expression, or for in situ hybridization. For the purposes of regulating or 
modulating expression of Rac-GEF, an anti-sense oUgonudeotide can be 
operably linJced to an expression control sequence. 

The nudeic acid according to the present invenHon can be labelled 
according to any desired method. The nucleic add can be labeled using 
radioactive tracers such a.s 32p, SSg^ 125i^ 3j.j^ Uq^ mention only the most 
commoi\iy used tracers. The radioactive labelling can be carried out according 
to any method such as, for example, terminal labeling at tlie 3' or 5' end using 
a radiolabeled nucleotide, polynucleotide kinase (with or without 
dephosphorylation with a phosphatase) or a ligase (depending on the end to 
be labelled). A ixon-radloactive labeling can also be used, combining a nucleic 
add of the present invention with residues having immunological properties 
18 



PCT/US9S/1239i 



(antigens, haptens), a specific affinity for certain reagei^ts (ligands), properties 
enabling detectable enzyme reactions to be completed (eiizymes or coenzymes, 
enzyme substrates, or other substances irwoived in an enzymatic reaction), or 
characteristic physical properties, such as fluorescence or the emission or 
absorption of light at a desired waveiength, etc, 

A nucleic acid according to the present invention, mciudirig 
oligonucleotides, anti-sense nucleic acid, etc., can be used to detect expression 
of Rac-GEF in vvhoie or gans, tissues, ceils,, etc., by various techniques, 
including Northern blol, FCR, m situ hybridisation, etc. Such nucleic adds 
can be particularly useful to detect disturbed expression, e.g., cell-specific 
and/or subcellular alterations, of Rac-GEF. The levels of Rac-GEF can be 
determined alone or in combination with other genes products (oncogerves 
such as p53, Rb, Wti, etc.), transcripts, etc. 

A nucleic acid according to the present invention can be expressed in a 
variety of different systems, in vitro and in vim, according to the desired 
purpose. For example, a nucleic aad can be inserted into an expression vector, 
mtroduced into a desiri?d host, and cultured under conditions effective to 
achieve expression of a polypeptide coded for the nucleic acid. Effective 
conditions includes any culture conditions which are .suitable for acWeving 
production of the polypeptide by the host cell, including effective 
temperatures, pH, medias, additives to the media in which the host cell is 
cuihired (e.g., additives which amplify or induce expression such as butyrate, 
or methobrexate if the coding nucleic acid is adjacent to a dhfr gene K 
cyciohexamide, ceil dcnsihts, cui^.^e disiiei. etc A nuclei: .lad .ran be 
mtroduced into the ceil r v a,v> .;;ecnve method mduding, t- g . caicnjm 
rno<phatc pit^cipuation, e.ectroporation. m^ection. DEAti-Oextran medi.ited 
transfection. fusion with liposomes, and viral traiistection. A ceil into which a 
nucleic acid of the present inv-ention has been introduced is a transformed host 
cell The nucleic add can be extrachromosomai or integrated into a 
chromosome(s) of the host cell. It can be stable or transient. An expression 
vector is selected fox its compatibility with the host cell. Host cells include. 



19 



PCTAJS9S/12391 



mammalian cells, e.g., COS-7, CHO, HeLa, LTK, NIH 3T3, Rat 1 fibroblasts, 
yeast, insect cells, such as Sf9 (S. frugipeda) and Drosophila, bacteria, sudi as 
E. coii, StreptiKoccus, baciilus, yeast, fiingai celis, plants, embryonic stem cells 
{e.g., mammalian, such as mouse or human), cancer or tumor cells. Sf9 
cxp cssion can be accomplisheJ m •inaloa:\ to Graziam et li Oha>f.re 7:229- 
2-?!5^iq<n { ssci L nt(c t leiKt irt stmii-^r > s ..d ror Iw 
to-nPfhbi it\ in- adc-ir d ur c - it^ >p n, mtei mounts, 
irdutnn ^n i ti n t.. t -ollt i x-ils^c i Otf .r -qiun c', ^ nichcanbe 
empiO\ t d mchtoc eixnancer'^ such as from i>V40. CM\ , mduc Die promoters, 
cell-type specific elements, or sequences which allow selective or specific ceil 
expression. 

In addition to a Rac-GEF nucleic acid, another gene of interest can be 
introduced into U^e same host for purposes of, e.g., modulating expression 
Rac-GEF, elucidating Rac-GEF ftmction or that of the gene of interest Genes 
of interest include other oncogenes, genes involved in the cell cycle, etc. Such 
genes can be the normal gene, or a variation, e.g., a mutatiorv chimera, 
polymorphism, etc. 

A nucleic add or polypeptide of the present invention can be used as a 
size markfjr in nucleic add or protein electrophoresis, chromatography, etc 
Defined restriction fragments can be determined by scanning the sequence for 
restriction sites, calculating the size, and performing the corresponding 
restriction digest. For example, the Rac-GEF polypeptide from fetal brain can 
also be used as a molecular weight marker of about 74.7 kDa for a protein gel. 

Another aspect of the present invention relates to the regulation of 
biological pathways m which a GTPase is involved, particuiariy pathological 
conditions, e.g., cell proliferation (e.g., cancer), growth control 
morphogenesis, stress fiber formation, and integrin-mediated interactions, 
such as embryonic development, tumor cell growth and metastasis, 
programmed cell death, hemostasis, leucocyte homing and activation, bone 
resorpnon, dot retraction, and the response of cells to mechanical stress. See, 
e.g., Clark and Brugge, Science, 268:233- 239, 1995; Bussey, Science, 272:225- 
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226, 1996. Thus, the invention relates to all aspects of a method of modulating 
an activity of a Rac polypeptide comprising, administering m effective 
amount of a Rac-GEF poiypepade or a bioiogicaily-active fragment thereof, 
an effective amount of a compound which modiUates the acti%aty of a Rac 
poiypeptide, or an effective amount of a nudeic add which codes for a Rac- 
GEF polypeptide or a biologicaliy-acdve fragment thereof. The activit)' of Rac 
which is modulated can include; GTP binding, GDP binding, GTPase activity, 
integrin binding, coupling or binding cf Rac to receptor or effectoi-iike 
molecules (such as integrins, growth factor receptors, tyrosine kinases, FI-3K, 
PIP-5K, etc.). See, e.g., Clark and Brugge, Science, 268:233-239, 1995. The 
activity can be modulated by increasing, reducing, antagonizing, promoting, 
etc. of Rac. The modulation of Kac can be measured by assay for GTP 
hydrolysis, binding to Rac-GEP, etc. An effective amount is any amount 
which, when administered, modulates the Rac activity. The activity can be 
modulated in a cell, a tissue, a whole organism, m situ, ni vitro (test hibe, a 
.solid support, etc.), in vivo, or in any desired environment. 

Compounds that regulate the interaction between a GEF, such Rac- 
GEF, and a GTPase can be ideiitified using an assay for a GEF acdvity, such as 
guai-iine nucleotide exchange activity, binding to a guarune nucleotide- 
depleted site of a GTPase, or oncogenic transforming activity, or a GTPase 
activity such as GTP hydrolysis. In general, a compound having such an in 
Vitro activity wHl be useftii in viw to modulate a biological pathway associated 
with a GTPase, e.g., to treat a pathological condition associated with the 
biologkai and cellular activities mentior\ed above. By way ot iUushration, the 
ways in whidi GEF regulators can be identified are described above and 
below in terms of Rac and Rac-GEF. Hoivever, it is to be understood that 
.such methods can be applied generally to other GFIFs, 

A guaiiine nucleotide exchange assay, e.g., as described in Hart et al. 
Nature, 354:311-314, 28 Nov. 1991 {see, especiaiiy. Figure 2 legend therein), can 
be used to assay for the ability of a compound to regulate the interaction 
between Rac and Rac-GEF. For example, Rac protein (recombinant, 
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recombinant fusion protein, or isolated from natural sources) is labded with 
tritiated-GDP. The tritiated-GD?-!abeled Rac is then incubated with Rac-GEF 
and GTP under conditioiis in which nucleotide excJ^ange ocairs. The amouiit 
of tritiated-GDP that is retained by Rac is determined bv separatix^g bound 
GDP trom free CDP, e g , UMng a BASS hhm The abLts > t a u)mpound to 
regulate the interaction can be ^ krir Tta bv addint; t^io conpvimd a 
desired hme to the m.i>!:3tui ■'\weadditin fa<a-i.H .m 

addrton or a Ra. CEI - ^ - c*.- — . 1,1^,^^ u ni .ient,d^ han^^ 
Various agon \ d m\ -cmst^ or Ihe interacnon can be idenftfied m :lus 
manner. For instance, an aspect of the instant invention is the discovery that 
certain compounds greasy enhance the activity of Rac-GHFs, and preferrabiy 
of the Rac-GEF, Tiam-1. Such compounds are hereinafter termed "GEF 
enhancers." Sud\ compounds have certain similar chemical features including 
a hydrocarbon arm, preferrabiy consisting of substantialty saturated bonds 
that link the carbon residues together, and also preferrabiy the number of 
carbon atoms should be between 12-22. A secorid feature of such compounds 
is the association of the hydrocarbon arm to either a 3 or 6 membered ring 
structure. Preferred 5 or 6 .menVoered compounds inciude ascorbate and 
certain cyclohexanes, respectively. The more preferred 5 membered 
compounds are derivatives of ascorbate, while the more preferred 
cyclohexanes include insoitol 

Binding to a guanine nudeoHde-depieted site of Rac can be determined 
in various ways, e.g., as described in Hart et aK, J. Biol. Chem., 269:<52-65, 1994. 
Briefly, a Rac protein can be coupled to a solid support using various methods 
that one skilled in the art would know, e.g., using an antibody to Rac, a fusion 
protein between Rac and a marker protein, such as glutathione protein (GST), 
wherein tlie fusion is coupled to a solid support via the marker protein (such 
as giutathiomne beads when GST is used), etc. The Rac protein is converted to 
a guanine nucleotide depleted state (for effective conditions, see, e.g.. Hart et 
ai... J. BioL Chem., 269:62-65, 1994) and incubated with, e.g., GDP, GTPyS, and 
a GEF such as Rac-GEF. The solid support is then separated and any protein 
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on it run on a geJ. A compound can be added at any time during the 
incubation (as described above) to determine its effect on the binding of the 
GEF to Rac. 

The moduiation of oncogenic transforming activity by a Rac-GEF, or 
5 derivatives thereof, can be measured according to various kn own procedures, 

«'gv Eva and Aaronson, Nature, 316:273-275, 1985; Hart et al, J, Biol. Chem., 
269:62-65, 1994. A compound can be added at any time during the method 
(e.g., pretreateent of cells; after addition of GEF, etc.) to determine its effect 
on the oncogenic transforming activity of Kac-GEF. Various cell lines can also 

10 be used. 

Other assays for Rac-mediated signal transduction can be accomplished 
according to procedures known in the art, e.g., as described in U.S, Fat. Nos, 
5.141,851; 5,420,334; 5,436,12S; and 5,482,954; W094/ 16069; VV093/16i79; 
W091/ 15582; WO90/00607. In addition, peptides wMchirfubit the 

1 5 interaction, e.g. , binding, between i^ac-GEF and a G-protein, such as Rac, can 

be identified and prepared according to EP 496 162. 

The present in.vention also relates to a method of testing for and 
identifyiiig an agent which modulates the guanine nucleotide exdiange 
activity of a guanine nucleotide exchange factor, or a biologically-active 

20 fragment thereof, or which modulates the binding between a Rac-GEF, or a 

biologically-active fragment thereof, and a GTFase, or a bioiogicaily-active 
fragment thereof, to which it binds. The method comprises contacting the GHF 
and GTPase v/ith an agent to be tested and then detecting the presence or 
amounr of binding between the GEF and GTPase, or an activity of the GEF 

25 such as gua mne nucleotide exchange activity. By modulating, it is meant that 

addition of the agent affects the activity or binding. The binding or activity 
modulation can be affected in various ways, including irxhibiting, blocking, 
preventing, increasing, enhancing, or promoting it The binding or activity 
affect does not have to be achieved in a specific way, e.g., it can be 

30 competitive, noncompetitive, aliosteric, sterically hindered, via cross-iinking 

bet\\'een the agent and the GEF or GTPase, etc. The agent can acton either the 

23 
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GEF or GTFase. The agent can foe an agoinist, an antagomst, or a partial 
agonist or antagonist The presence or amount of binding can be determined 
in various ways, e.g., directly or indirectly by assaying for an activit>' 
promoted or inhibited by the GEF, such as guanine nucleotide exchange, GTP 
5 hydrolysis, oncogeiiic trai-tsfofmation, etc. Such assays are described above 

and below, and are also known in the art. The agent can be. abtaixK'd and/or 
prepared from a variety of sources, including natural and synthetic. It can 
comprise,, e.g.. amino acids, lipids, carbohydrates, orgaiiic molecules, nucleic 
acids, inorgamc molecules, or mixtures thereof. See, e.g., Hoeprich, Nature 

10 Biotechmhgy, 14:1311-13X2, 1996, which describes an example of automated 

synthesis of orgamc molecui es. The agent can be added simultaneously or 
sequentially. For example, the agent can be added to the GEF and then the 
resultant mixture can be further combined with the GTPase, The method can 
be carried out in liquid on isolated components, on a matrix (e.g. , filter paper, 

15 nitroceiltaose, agarose.)., in ceils, on tissue secdons, etc. In accordance with the 

method, a GEF can bind to the GTPase, which binding will modulate some 
GTPase activity. For example, as discussed above and below, a Rac-GEF binds 
to Rac, causing guamne nucleotide dissociation. The effect can be directly on 
the binding site between the GEF and GTPase, or it can be aiiosteric, or it can 

20 be on only one component (e.g.., on the GEF only). Assays for guanine 

nucleotide dissociation can be readily adapted to identify agents which 
regulate the activity of a GTPase. The method further relates to obtaining or 
producing agents wliich have been identif ied accordix\g to the above- 
described method, 

25 The present invention also relates to products identified in accordance 

with such methods. Various GEFs and GTPases can be employed, including, ~ 
Rac-GEF., mSOS, SOS, C3G, isc, Dbl, Dbl-related proteins, polypeptides 
comprising one or more DH domains, CDC24, Tiam-i, Ost, Lbc, Vav, Ect2, 
Bcr, Abr, Ri\o (A, B, and C), Rac, Ras, CDC42, chimeras thereof, biologically- 

30 active fragments thereof, muteins thereof, etc. 
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The present invention thus also relates to the treatment and prevention 
of diseases and pathoiogicai conditions associated witit Rac-mediated signal 
transduction, e.g., cancer, diseases associated with abnormal ceil proliferation. 
For example, the invention relates to a metiiod of treating cancer comprising 
5 administering, to a subject in need of treatment an amount of a compound 

ijffectn e to trtat tiie di-S^-a^e, w here the compound is t rrsuiater ot Rac-GFl 
gene or poivpeptide exprci^sior. Treattnj> the di^-easo L.m iiieati, Jtn.i\ ing it'^ 
onser, otla\ .r- ■; ptogrcssion of the div-ease, jmpr;:^\ ing or delaying ciim:ai 
and pathological itgi\s disease. Simiiariy, the method also relates to treating 

10 diseases associated with inflammation, and /or the chemotactic ability of 

neutrophil.*;. A regulator compound, or mixture of compounds, can be 
synthetic, naturally-occurring, or a combination. .4 regulator compound can 
comprise amino acids, nucleotides, hydrocarbons, lipids, polysaccharides, etc. 
A regulator compound is preferably a regulator of Rac-GEF, e.g., inhibiting or 

15 increasing its mRNA, protein expression, or proce.ssing, or its interaction with 

Rac, e.g., guanine nucieotide exchange. Additionaiiy,, ceils can be 
supplemented with Rac-GEF, or derivadve.s thereof. To treat the disease, the 
con^pound, or mixture, can be formulated into pharmaceutical composition 
comprising a pharmaceuticaUy acceptable carrier and other excipients as 

20 apparent to the skilled worker. See, e.g., Remington 's Pharmaceiiiical Sciences, 

Eighteenth Edition, Mack Publishixig Company, 1990. Such composition can 
additionaiiy contain effective amounts of other compounds, especially for 
treatment of cancer. 

The present invention also relates to antibodies which specif icaily 

25 recogi\iEe a Rac-GEF poiypeptide. .Antibodies, e.g., poiycionai, monoclonal, 

recombinant, ciiimeric, can be prepared according to any desired method. For 
example, for the production of monoclonal antibodies, a poiypeptide 
according to Fig. 1 (SEQ TD NO: 2), can be admii^istered to mice, goats, or 
rabbit subcutaneously and/ or intraperitonealiy, with or without adjuvant, in 

30 an amoujit effective to elicit an immune response. The antibodies can also be 

single chain or FAb. The antibodies can be IgG, subtypes, IgG2a, IgCl, etc. 

25 
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An antibody specific for RacGEF meai^s that the antibody recognizes a 
defined sequence of amino acids witi>in or including the Rac-GEF amino add 
sequence of Fig. 1 (SEQ ID NO: 2). Ti\us, a specific antibody wiii bind with 
higher affinity to an amino acid sequence, i.e., an epitope, found in Fig. 1 (SEQ 
5 ID NO: 2) than to a different epitope{s), e.g., as detected and/or measured by 

an immunobiot assay . Thus, an antibody wMch is specific for an epitope of 
Rac-GEF is useful to detect the presence of the epitope in a sample, e.g., a 
sample of tissue containing Rac-GEF gene product, distinguishing it from 
samples in which tl\e epitope is absent. Such antibodies are useful as 

10 described in Santa Crua Biotechnology, inc.. Research Product Catalog, can be 

formulated accordingly, e.g., 100 pg,/ml. 

In additioi>, ligands whicfi bind to a Rac-GEF polypeptide according to 
the present invention, or a derivative thereof, can also be prepared, e.g., using 
syiUhetic peptide libraries, or nucleic acid ligands {e.g., Pittung et al., U.S. Fat. 

15 No. 5,143,854; Geysen et al., 1987, J. Immunol. Methods, 102:259-274; Scott et 

al., 1990, Science, 249:386; Blackwell et al., 1990, Science, 250:1104; Tuerk etal, 
1990, Science, 249: ,505. 

Antibodies and other Ugands wiuch bind Kac~GEF can be used in 
various ways, including as therapeutic, diagnostic, and commercial research 

20 tools, e.g, to quantitate the levels of Rac-GEF polypeptide in animals, tissues, 

cells, etc., to identify the cellular iocaUzation and/or distribution of Rac-GEF, 
to purify Rac-GEF or a polypeptide comprising a part of Rac<jEF, to 
modulate the function of Rac-GEF, etc. Antibodies to Rac-GEF, or a 
derivative thereof, can be used in Western blots, ELISA, immunopredpitation, 

25 RIA, etc. The present invention relates to such assays, compositions and kits 

for performing them, etc. 

An antibody according to the present invention can be used to detect 
Rac-GEF polypeptide or fragments thereof in various samples, including 
tissue, ceik, body fluid, blood, urine, cerebrospinal fluid. A method of the 

30 present invention comprises contacting a Hgand which binds to a peptide of 

Fig L (SEQ ID NO: 2) under conditions effective, as known in the art, to 
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achieve bmding, detecting specific binding between the Hgand and pepHde. 
By specific binding, it is meant that the iigand attaches to a defined sequence 
of amino acids, e.g,, within or including tiie arnino add sequence of Fig 1. 
(SEQ ID NO; 2) or derivatives thereof. The antibodies or derivatives thereof 
can also be used to inhibit expression of Rac-GEF or a fragment thereof. The 
levels of Kac-GEF polypeptide can be determined alone or in combination 
with other gene products. In particular, the amount (e.g., its expression ievel) 
of Rac-GEF polypeptide can be compared (e.g., as a ratio) to the amounts of 
other polypeptides in the same or different sample, e.g., p21, p53, Rb, WTl, 
etc. 

A Iigand for Rac-GEF can be used in combination with other 
antibodies, e.g., antibodies that recognize oncological markers of cancer, 
including, Rb, p53, c-erbB-2, oncogene products, etc. In general, reagents 
which are specific for Rac-GEF can be used in diagnostic and /or forensic 
studies according to any desired method, e.g., as U.S. Pat. Nos. 5,397,712; 
5,434,050; 5,429,947. 

The present invention also relates to a labelled Rac-GEF polypeptide, 
prepared according to a desked method, e.g., as disclosed in U.S. Fat. No. 
5,434.050. A labelled polypeptide can be ixsed, e.g., in binding assays, such as 
to identify substances that bind or attach to Rac-GEF, to track the movement 
of Rac-GEF in a cell, in an in vitro, in viva, or in situ system, etc. 

A nucleic acid, polypeptide, antibody, Rac-GEF iigand etc., according 
to the present invention can be isolated. The term "isolated" means that the 
material is in a form in which it is not fou.nd in jts original environment, e.g., 
more concentrated, more ptirified, separated from component, etc. An 
isolated nucleic acid inciudes,, e.g., a nucleic acid iiaving tlie sequence of Rac- 
GEF separated from the chromosomal DNA found in a living animal Tliis 
nucleic acid can be part of a vector or inserted into a chromosome {by specific 
gene-targeting or by random integration at a position other than its normal 
position) and still be isolated in that it is not in a form which it is found in its 
natural environment. A nucleic add or polypeptide of the present Invention 
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can aiso be substantially pmified. By substantially purified, it is meant that 
nucleic add or polypeptide is separated and is essentially free from other 
nucleic acids or polypeptides, i.e., ti^e nudeic acid or polypeptide is the 
primary and active constituent. 
5 The present invention also relates io a transgenic animal, e.g., a non- 

human-mammai, such as a mouse, L-ompiismg a Rac-GEF nucleic acid. 
Transgenic animals can be prepared accordiiig to known methods, including, 
e.g., by pronuciear injection of recombinant genes into pronuclei of 1-ceil 
embryos, incorporating an artificial yeast chromosome into embryonic stem 

10 cells, gene targeting methods, embryonic stem cell methodology. See, e.g., 

U.S. Patent Nos. 4,736,866; 4,S73,191; 4,873,316; 5,082,779; 5,304,489; 5,174,9S6; 
5,175,384; 5,175,385; 5,221,778; Gordon et al., Proc. NatL Acad. Sc/... 77:7380-7384 
(1980); Palmiter et al.. Ceil, 41:343-345 (1985); Palmiter et aK, Ann. Rev. Genet., 
20:465-499 (1986); Askew etal, MoL Cell Bio., 13:4115-4124, 1993; Games et al. 

15 hiature, 373:523-527, 1995; Valancius and Smithies, MoL Cell Bio., 11:1402-1408, 

1991; Stacey et al., MoL Cell. Bio., 14:1009-1016, 1994; Hasty al.. Nature, 
350:243-246, 1995; Rubinstein et al., Nud. Aad Kes„ 21:2613-2617,1993, A 
nucleic add according to the present invention can be inb-oduced into any 
non-human mammal, tnciuding a mouse (Hogan et ah, 1986, in Manipulating 

20 the Mouse Embnjo: A Uiboraiory Manual, Cold Spring Harbor Laboratory, Cold 

Spring Harbor, New York), pig {Hammer et ai.. Nature, 315:343-345, 1985), 
sheep (Hammer et al.. Nature, 315:343-345, 1985), cattle, rat, or primate. See 
aUo, e g , Church, 1987, T rend^ in Biotech 5-13-19, Clark et al , 1987, Tremi^ in 
.'^KW!" J ?0-24 a.iv. r^e?..mp L , -> ./u;;.?,;. ^ e bt>J uVi in 

25 additK-n, e g., custom transgenic rat and mouse productu-n s co.n.nercnlh 

available. These transgenic animals are useful as a cancer model e.g., to test 
drugs. 

Generally, the nudeic acids, polypeptides, antibodies, etc. of the present 
invention can be prepared and used as described in U.S. Pat Nos. 5,501,969; 
30 5,506,133; 5,441,870; WO 90/00607; and WO 91 / 15582. 
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For other aspects of the nucleic acids, polypeptides, antibodies, etc.,, 
reference is made to standard textbooks of molecular biology, protein science, 
and immunology. See, e.g., Davis et ai. (1986), Basic Metlmk in Mokmiar 
Biology, Elsevir Sciences Publishing, Inc., New York; Mames et al. (1985), 
5 Nucleic Acid Hybndimtim, II Press, Molecular Ckmmg. Sambrook et al.; Currerj 

Protocols in Molecular Bhlo{;\\ IkiivOd by V M Aum d.'I ot „I Lnm WiJcy & Sons. 
Inc: Current Protocols in Human Genuu \ \ i.i.od Nic'ii) ac i Ln'aCt^pOJi t;t ai 
iohn Wiley & Sons. Inc.; Curnn* Pnmcoh m F>, n </ .i. " -a. i Jiud h\ loan I 
Coiigan et al., John Wiley & Sor.j>. Inc ; Cutfct^t PwtnuK % ,n hv^ninoi ^s^m . Ldik-d 
H) John E. Coiigan ei al.. John Wjley & Sons. Inc. 

EXAMPLES 

gftmng of cDNA encoding Rac GEF 

A Dbl-homoiogy domain containiiTg protein wm identified in a human fetal 
1 5 brain cDNA library as foiiows. A TBLASTN search of the dbEST database 

was performed using the amino add sequence (residues 1-519) encoded by the 

human TIM protein (Chan et ai., 1994, Oncogene, Vol 9, pages 1057-1063). 

One EST clone, # 167059 was idei'ttified with high sequence hoxnology to the 

TIM cDMA. The piasmid encoding this insert was purchased via the 
20 IM.A.G,E. Consortium (Research Genetics). Using thi,s cDNA as template, a 

513-bp "''P-iabelled PCR product was produced using oHgos 

5'-GGAGGCCATGTTCGAGCTGG-3' and 

5'. GCTGATCATCTGTTCCGTGC-3' (5' and 3' primers, respecdvely) and 
labeiied nucleotides. This labeU>d PCR fragment was used as a probe to screen 

25 approximately 4 x 10^ clones of a human tetai brain Lambda ZAP cDNA 

library (Stratagene). A clone with an insert of 2.6-kb was isolated, and the 
complete DNA sequence of this clone was determined using an ABI sequencer. 
This 2.6-fcb clone harbored a single open reading frame of 1950-bp that is 
predicted to encode a 650-amino acids protein with a calculated molecular 

30 mass of 74.7 kDa. However, this open reading frame is not full-length, as the 

initiating methionine is mis.sing. Tius cDNA is on deposit with the American 
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Type Culture Collection, December 11, 1996, with the Accession No.98273,, 
and is denoted p67 Rac-GEF. 

Northern analysis using the probe described above was conducted. The 
results re\ eaied a 3 =5 kb Uan^cnpt speunr to bnm ti<-sut and an . ddit o.- \ 4 
kb tranfecript ot lower abundance spec nc to !i\ tj<^mu i > u i t j m d n^^a^^ 
testea indudmg near^ piacenti hmj niusJL i Ui ^ spk^^i 
thymus prostate testis >nar\ mttstne coloa u a p?nph( u ! b'ood 
J V mpboc\ tf ^ u e> ^ .a^o ^ssentiaih negate e In a prehmmarv bcrem of human 
tumor ceil knes, aoundant 3.5 kb mRNA levels were detected in the lung 
carcinoma cell line A549 and the colon carcinoma ceil line SW4S0. Other 
tumor cell lines were negative, including HL-60, HeLa, K~562, Molt-4, Raji and 
G-36. Further screemng of a number of primary tumor .samples revealed over- 
expression in liver, lung and colon tumors< 

Using the additional sequence identified in the 2.6-kb done, further 
analysis of the dbEST database using the Blasrn program identified an 
additionai clone, if 109922, wWch had been isolated from a liver library. The 
plasmid encoding this insert was purchased via the IM.A.G.E. Consortium 
(Genome Systems), and tiite sequence of the iiisert was determined. This 
sequence revealed an initiating methionine and 126 additional amino adds 
which differed from the anaino-terminal 66 amino acids of the 2.6 kb brain 
done described above. This new sequence most likely encodes the liver- 
spedfic alternatively spliced form which had been identified by Northern 
analysis. Pieced together with the previously determined sequence, tWs liver- 
derived sequence reveals an open reading frame of 2133-bp predicted to 
encode a 710-amino acid protein. 

In addition to the alternativeiy-spliced brain/liver isoforms, another 
putative splice variant was identified: an insertion of 72-bp coding for 24- 
amino adds within the Dbi homology region is encoded by the 2.6-kb brain 
clone. The sequence encoded by these 24-amino adds is consented among 
other exchange factors induding Tim (Chan et al, 1994, Oxicogene, Vol. 9, 
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pages 1057-1063) and Vav2 {Henske et ai., 1995, Ami Hum Genet 59, Pt. 1, 
pages 25-37). 

ProperMes of R^c OFF 

5 Two Rac-GEFs were tested for guarine nudeotide activity. 

Firsay, a Giu-epitope tag {MEYMPMEiRHD) was engineered onto the 
carboxy-terminal 423 amino acids of the R&c GEF encoded by EST No, 167059 
by introducing the oligos 

5'-TCGAGGAGGTTATAAATATGGAATACATGCCAATGGA-3' and tile 
i {) compiemenrary 

S'-zV^VTITCCATIGGCATCTATTCCATATTTATAACCTCC-S' into the 
XhoI/EcoRI sites of the clone. The protein encoded by this construct is 
referred to as Type I Rac-GEF. 

Next, the sequence encoding the insertion in the Dbi. homology region, 

1 5 as described in Example 1, was engineered into iiie open reading frame in the 

expression piasraid pET21a (Novagen). The protein encoded by this construct 
IS referred to as Type 11 Rac-GEF. The resuLring expression plasmids were 
introduced into E, coli strain BL2:i(DE3)pLysS (Novagen), and the epitope 
tagged protein expression was induced with IPl'G. The expressed proteim; 

20 were purified using a resin with the antibody to the Glu-epitope covalently 

attached. The resulting proteins were partially pure and were assayed for 
exchange acHvity on Racl, RhoA and Cdc42. See, Hart in U.S. Serial No. 
60/029,979, filed November 6, 1996. The resiUts showed that Rac GEF is 
primarily selective for Racl, but also dispiays activity against both RhoA and 

25 Cdc42, Furthermore, the Type I form lacking the Dbl insert region is 

unaffected by the addition of the PH domain iigand ascorbyi stearate, wMie 
the Type II form containing the Dbl insert region is strongiy stimiaated by 
ascorbyi stearate. 
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^Viitibody specific to Rac-GEF was raised m rabbits agaiast three 
fragments of the purified recombinant moiecule. The fragments correspond to 
amino adds 385-398, Type II and aniino adds, 372-3S6 of Type I Rac-GEF 
referred to in Example 2,. and 693^710 amnio adds of Type 11. The peptides 
were coupled to KLH, and antibody raised in rabbits using standard 
procedures. 



Cloning and expression of Tiam-1, and various Tiam-1 truncations, is 
described below. Tiiis work, and that shown in Examples 5 and 6. %vas 
undertaken to determine those regions of Tiam-l that realize GE? enhancer 
stimulation of Rac GEF activity. 

CDNA Cloning Of Human Tiam-1 ^ nd Ti^r^ - i t. , =t.o.h^- Pnmers designed 
against published mouse Tiam-1 cDNA sequence (See, Habets, G.G, Scholtes, 
E.H., Zuydgeest, D., van der Kamxnen, R.A., Stam, J.C., Berns, A., and Collard, 
J.G. (1994) Cell 77, 537-549; NCBI Gen Bank Accession #U05245) were used in 
PGR reactions using a human fetal brain library (Stratagene #936206) as 
template to obtain (ragments of the human Tiam-1 gene which were 
radioiabied and tised as probes in Southern hybridizations of the same library. 
Primer pairs used were both 
5'-CCATAAAACCATGGGAAACGC-3' and 
5'-GGTTCCGCGGAAGAGAAGGAT~3' with 



5'"TCGGATGCGGATAAGCTGCGC-3' with 

5'-GTGACTGGCGACCTTGTTCAT-3'. Two partial clones of human Tiam-1 
cDNA were retrieved, one contained nucleotides (nt) 1-2972 and the other (nt) 
2972-4657 (numbering throughout corresponds to previously published Tiam- 
i cDNA (See, Habets, G.G., van der Kammen, R.A., Stam, J.C., Michieis, F., 
and Collard, 1. G. (1995) Onaygene 10, 1371-1376; NCBI Gen Bank Accession 



Hi 



Examp le 4 

Cloning and Hxp re'<?4inn nf Tiam-1 ; 
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5'-GACTGGCCCGGGGAACTGAGG-3'; and 
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#U16296). To obtain missing C-terminai sequences, a PCR reaction employing 
oiigonucleotides designed against the huaian Tiam-1 cDN A (See, Habets, 

van der Kamxnen, KA., Stam, J.C., Michids, F,,, and Collard, J. G. (1995) 
Oncogene 10, 137M376; NCBI Gen Bank Accession #U16296) 5'- 
CGGAATTCAGATTTCGACACATGATC-3' (sense) and 
" -TCGCCCGG.^GCAGGTO L. ^^^TL AG 4-' (^:int feense «..->ntain- -mai 
Site aown^trcam^f stop cod - > 1^ ,^m,^ <.ts ird ? niinr ^ nmpocamp?i iurm 
iCicn-ecn n <is tentpuir. p roauced a :r?^ment co.-itaimng nt 4458-5366 

w hich was added to easting clone? uiing *hc mt-rnal i:J047i:i (4487) sice. A 
similar strategy using the antisense primer 

5'-GATCCCGGGTCA7GTTTCTQS7TCTGGGATCrCAGTGTTCAGTnrCTG-3- 
was used to add liie KT3 epitope tag "PEPET/' a stop codon, and a Smal site to 
the end of Tiam-1. To splice the two partial clones together, a PCR reaction 
using 5'-CGGAATTCCATGGGCCGCCTTGGAATCT-3' (sense) and 5'- 
TCGCCCGGGCC^TCAGCAGCACGATTAT-3' 

(antisense) as primers, and a human fetal brain cDNA library (CionS-ech 
#HL 50156} as template produced a product spannmg nt 2422-3189 which was 
cloned into pBS SK+ (Stratagaene #212201} using EcoRI and Smal. Ncol (472) - 
Ncol (2422) and StuI (3134) -Smal fragments were iigated into this vector, 
creating fuiJ-iength clones, with and without the KT3 tag. 

It is note worthy that the isolated Tiam-1 sequence was altered from the 
published sequence. The 5' done obtained from the library contained an 
insert of sequence 5'- 

GGTGACCAGTTTACAC'nTCATATACVrcCCTGTCArGTGCTTTGAAGGACTTTC 
TACiGGGCATGAAG-S' in the upst^renm non-coding region at nt 105. Original 
clones from the Stratagene fetal brain library as well as all PCR products from 
Ciontech hippocampal and brain libraries contained a difference in sequence 
from the published Tiam-i cDNA ((See, Habets, G.G., van der Kammen, R.A., 
Stam, j.Cv Michieis, R, and Collard, J. G. (1995) Oncogene 10, 1371-1376; NCBI 
Gen Bank Accession #U16296); a G at nt 3005 instead of a C, which therefore 
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encodes a Gin in position 644 instead of a His. In addition,, PCR introduced 
silent mutations G4739A and G5153A. 

Examples 
Exgrjession of Ttam.l and Truncations 
The following expression vectors were coi^tructed and used to express 
the appropriate Tiam-3 constructs. 

Fuli-ieng thX l/g kp) Tiamdi A KT3-tagged 4792 basepair (bp) Ncol (472)- 
Smal fragment was iigated into HcoI-Smal-digested pAcC4 (See, Rubinfeid, 
B., et ai, CeU 65, 1033-1042 (1991)); Bio/ Technology 6:47-55 (derived from 
pAc436)). 

B5...k.D.Ti8.mria The 5' phosphoryJated oligonucleotides 
5'-GTCATGATGG-3' and 5'-TCCATCATGACGGCC^3' were used as linkers to 
redrcularize Apal - EooNI (1673)-digested pBS SK+-based full-length Tiam-L 
The linker-created Bsplil site and the vector-derived Spel site were used to 
clone the 4006 bp fragment =nto Ncol-X bal-digested pAcC4 (See, Rubinfeid, 
B., et at CeJl 65,, 1033-1042 (1991)). 

106 kDTi3 m ~l: The Ncol (472) - Ncol (2422) fragment was removed from the 
full-length pAcC4-based expression vector. 

85kDTiam-l: PCR using 

5'-CTTGAATTCCACCATGGAAATCTGTCC A A A AGTC ACT-3' (sense) and 
5'«TCGCCCGGGCGTCAGCAGCACGATTAT-3' (antisense) as primers and 
the Stratagene Tia.m-1 nt 2972-4657 clone as template was used to create an 
Ncol-Stul (3134) fragment that placed an ATG before nt 2972. The 2297 bp 
NcoI-^Smal was ligated into NcoI-Smal-digested pAcC4 {See, Rubinfeid, B., et 
al. Cell 65, 2033-1042 (5991)). 
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66 ^j-D Tigm-L The 5' phosphor via ted oligonucieotides 

5'-CATGGACCAGAACCCATCTCC-3' ai^d 5'-TGAGGAGATGGGTTCTGGTC-3' 
were used as linkers to redrcuiarize Ncol (472) - Bsii36I (3534)~digested pBS 
SK+-ba5ed fulHength Tiam-1 . The linker-regenerated Ncol site and the 
vector-derived Spel site were used to done the 1761 bp .fragment into Ncol- 
Xbal-digested p.AcC4 (See, Rubinfeid, B,,, etal Ceii 65, 1033-1042 (1991)). 

^EHv^giom of Tiiamr.l: The oligonucleotides 
5'-GCCAGAACCAGAAACATGAC-3' and 
5'-CCGGGTCATGTTTCTGGTTCTGGC\y were used as linkers to 
redrcuiarize Hco47in (4487) and Xnial-digested pAcC4-ba&ed expression 
vectors contaiiiing the 135 kD, 106 kD, 85 kD, and 66 kD versions of Tiam-i. 
These primers also restored the KT3 tag. 



cDNA as template and 

5'-GAGGAATTCGATCTGAGCATGGGAGACCTG-3' and 
5'-CTGCTCGAGCTACTTATCACGCAGGATTGAATG-3' (C-terminai PH 
doK^ain) or 5'-CAGGAATTCGTC;CGCAAGGCCGGCGCCCTG-3' and 
5'-GTGCTCGAGCTACGCAGTGCX:GCAGGCAGAGTG-3' (N-terminai PH 
domain) as primers were cloned into pGEX20T (See, Helin, K., Hariow, E. and 
Fattaev, A. (1993) MoL CdL Biol. 13, 6501-6508) ijsing EcoRI and Xhol. 

AB Tiam-1 constructs, except for the GST fusions, were produced in 
baculoviurs-infected S.frugiperda -9 ceils and were purified using KT3-mAb 
immunoaffinity chromatography. See, Schreurs, Vamamoto, R,, Lyons, 
Munemitsu, S., Conroy, L., Ciark, R., Takeda, Y., Krause, J.E., and Innis, M. 
(1995) /. Heumhem. 64, 1622-1631. GST fusion proteins were produced in 
Exoli and purified using glutathione-agarose. See, Smith, D.B. and Johnson, 
K.S, (19S8) Gene 67, 31-40. 




Products from PCR reactions using Tiam-1 
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Example 6 




The GEF activity ot the various Tiam-i constructs described above wa;^ 
detennined in {ht> presence and absence of certain compounds Th.- 1. i\c^\ k>u 



anri conTotmOb e-e dihiu a \- 4\ t.'-cu nniA concentratinas in Bufter A 
(GTPases were diluted in Buffer A containing l^uM GDP). To dihite Ascorbyl 
Stearate, Ascorbyi Palmitate. and Stt^ark Add, 25mM EfcOH &oiutions were 
stowiy added to Buffer A while vortexing vigorously. Other lipids were 
resuspended in aqueous solution with vortexing and bath sonication and then 
diluted into Buffer A. Reactions were prepared and at time 0, X-'^?-GT? 
(DuPont MEN #NEG006I-f) was added to 4.5n.M, and after 10 irsinutes 
reactions were stopped by filtering onto nitrocellulose filters (Millipore 
#FL'WP02500) and immediately washed with wash buffer {25mM Iris 7.5, 
lOOmM NaCI, 3QmU MgCI2). Bound X-''V~GV? was measm'ed, using 
standard tedu-uques. 

The 85 kD portioa of human Tiam-1 protein was produced in insect 
cells and purified by affinity chron^atogiaphy, as described above. TWs 
protein contained an intact PDZ domain, Dbl-homoiogy (DH) domain and 
adjacent pieckstrin homology {PH) domain (Fig, 3). Using the above 
described assay, this truncation alone, at various concentrations, exhibited no 
GEF activity towards Rac 1 {Fig. 4). In contrast, ascorbyl stearatc (AS) 
stimulated the rate of Tiam-l-mediated nucleotide exchange on R^^ 1 Tis; 4) 
Because AS has the potential to act as a detergent or a reducut^ agenr other 
.-eteic;eni:<.(nOC,Tiim>. s 1 \ '40j and r^ducmg agents fDTT IChV oi 
Tn^i^ j.-rboNsethvl pt i ^ v\ tie testtd and shown ntt •^ii<nKiC.intU 



the eeit.utv ot *icri\dtion Ascorbyl palnutat. (AF), phosphatidyiinositol-4- 



5 



'issay 



. < -\.\ivr.or^. were conducti.i room teu^fxtamre in Buffer 
I ^ 2!rM DTT. 2mM MgC12). Ail prorcms 



A f2'ii\\l J 



?eveial ^ tiur iipios »%e-e ^e^^l■ i \^ tt--'mi^e 
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phosphate (Pr(4)P), and phosphatidyiino5iiol-4,5-bisphosphate (FI(4,5)P2) 
significantly eimanced Tlam-1 activity; phosphatidylinositol-3,4,S- 
trisphosphate (PI{3,,4,5)P3) and phosphatidylserine had weak effects; and 
phosphatidylglyceroi, phosphatidylinositoi and phosphatidyichoHne had iirtk 
5 or no effect (Fig. 5). As a control, experiments were run to determine if IPS, 

IP2, ascorbic acid, stearic acid and ascorbic acid with stearic acid were 
sufficient to activate tlie CEP activity of Tiam-l. Tl^e resuits showed that these 
reagents were incapable of stimulating GEF activity (Fig. 5). 

It has been previously reported that Tiam-1 has GEF activity in the 

10 absence absence of lipids. See, Michiels, F., Habets, G.G., Stam, ].C,, van dec 

Kammen, R.A., and Cciiard, f.G. (1995) Nature 375, 338-340. Those studies 
used a mouse version containing additional upstream sequences, including the 
N-terminai PH domain and the coikd-coil region. To determine if upstream 
regions are necessary for expression of the DH domain GEF activity, the 

1 5 correspondiiig human construct was prepared (Fig. 3). This 135 kD Tiam-1 

truncation shows weak GEF activity towards Rac in the absence of AS, but is 
stili greatly stimulated by AS {Fig. 4). Other truncations of Tiam-1, all 
contaiiung the DH and PH domains (Fig. 3), also exhibited AS stimulated GEF 
activity,'' on Rac 1 (Fig. 6). 

2^ To determine if AS binding to the F''H domain was responsible for 

activation of Tiam-I GEF activity, sequences 3' of tiae Eco47m site were 
deleted, removing half of the C-terminai PH domain as well as the rest of the 
C-terminus (Fig. 3). These truncations of Tianvl were not activated by AS, 
including one that contained the N-terminai PIl domain {Fig. 4). While it is 

25 possible that deleting the PH domain destroys activity of the DH domain 

aitogether, similar tiruncations of the PH domain of the Dbl protein do not 
affect its GEF activity (See, Zheng, Y., Zangrilli, D., Cerione, R.A., and Eva, A. 
(1996). /. BwL Chem. 271, 19017-19020), To further determine if the FH 
domains couid bind io AS, GST-PH fusion protems were included in the 

m reaction. While GST alone did not affect AS-stimuiated Tiam-1 exchange 
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activity, both of the Tiam-1 GST-PH domain fusions reduced the effectiveness 
of AS {Fig. 6). 

Without further elaboration, it is believed that one skilled in the art can, 
using the preceding description, utilize the present itwention to its fullest 
5 extent. The preceding preferred specific embodiments are, therefore, to be 

construed as merely iUustrative.. and not limitative of the remainder of the 
disclosure in any way vvhatsoever. 

The entire disclosure of all patents/patent applications and 
publications, cited above and in the figures are hereby incorporated by 
K) reference in the entirety. 

From the foregoing description, one skilled in the art can easily 
ascertain the essential characteristics of this invention, and without departing 
from the spirit and scope thereof, can make various changes and modifications 
of the invention to adapt it to various usages and condilioiis. 
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SEQCSKCS ilSTXKG 



Si} APPLtCPAT-. Boiiag. Gideon 
Crctfnptors, Anns 
North, tens 

Sharcia, iVsrsju 

(ii! TITL2 OF ^^iVE^^T3:0N! S^shods and CowposicioKs for Trsacing 

Abnorttsai Call Growth Relatsci c.o iJnwancsi Gsjar.inc- Exchange 
Factiir Accivif.y 

{iiiJ tiJUKBER OF SEOUEHCEC: 

fivJ COSRESPONDBNCK SISDRSSS; 

\ than a^a«ticais, Inc. 



'^CS^M.'S DOS 

^ '^i i- I 'vt.Ua&tf *i.O, Vsrsiot) #1.30 

(Bj FILII*s BATS: i7-JU!-)-1937 
iC) CIASEIFICATION: ProvisicjRal 

is) •(■SLSti'Oi f ^ ^ &/30 

«3) TELSFAX: isicf^ sas-s-zsa 
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TCTGSCTCTA TS'TCC ATG GAG ACC AGG GAA TCT G?^ GAT TT<3 GAA AAG ACC 
Met Glu ■I'hr Arg G.Ul i.5«r tJlu Asp Lau c;iii Lvs Thr 
j- ^ ~ IC * 

AGG AAA TCA SCA AGT CAT CAA TGG A<VC i 
Arc Arg Lys Ser Ala Ser Asp Gir. Trp Asn - 

15 25 

AAG GTG AAA CCT GAG TTA CTC CCA GAA AAA GAG GAG ACT TCT CAA SCT 
:A's Lys Fi-o Giu -.^^y L£« Pro glu lovs Glu Glu ■Rir Ser Gi^ 

SAC CAG GAT ATC CAA GAC AAA GAS CCT CAT TGC CAC Atrc CCA ATT AAG 

45 '^'^^ '^^1 pJ^o J-ys 

AGA AAT TCC ATC TTC AAT -IGC TCC ATA AGA CGC AAA ASC AAA GCC AAG 
Arg A3I3 SS.V 11 ^ Vha Asn Arg Ssr lis Ar^r Arg Lys S«r Lys Ala l,y.« 

GCC AGA GAC ftAC CCC SAA CGG AAC GCC AGC TGC CTG GCA GAT 7CA CAG 
»13 Arg AsTJ As« Pro Glu Arg Asn Al« S«r Cys L,e« Al« Asp S»c Gin 
«0 3S 90 

•SAC AAT GGA AAA TCT GTA AA7 GAG CCC CTG ACC TTG AA.T ATC CC-- TOr; 
Asp Asn Giy Lys Ssr Val Asn CUn Pro Lsu Trir i,6« Asrs lie. Fro Tr» 
Si- iOO ICS 

AGC A::;A Am CC? Ccr TGC AGA ACA GCA A-SS CAG ACA GAC CCA GGA GCC 
Ssr .-.rg Mat Pro Pro Cys Aig Thr Ala Mat. Gin Thr Asp Pro Giv Aia 
15.0 115 X20 

CAG GAA A1G AGT GAG TCG TCC rCC ACC CCG GGA AAT GSJ SCC ACG CCC 
Gi« .,iu Met 3«r Giu Ser Ssr Ser Thr J'ro Gly Asti Giy Aias Thr tro 
i25 jjo U5 

GAG GAG TGG CCG GCC CTO GCC GAC AGC CCC ACC .ACG CTC ACC GAG GCC 
Gxu Trp Pro Ala Leu Aia ksp s«r Pro Thr Thr L-»u Thr Glu Ala 
ISO 155 

CTG CGG ATQ ATC CAC CCC AT? CCC GCC G.^C TCC TOG AGA &AC CTC AOT 
Arg Mer lie rfis j?ro Ti& i>ro Ala Asp ser Trp Arg Asn lie 

G&A C.V, ATA &3G CTC CTG TAT CAG GAA TAC CGA GAT AAA TCG ACT CTC 
•jXU ^^n. Ij^y Gl\ l:b<i !.t>!4 i-yr Gin Glii T-/r Ar(T Aso hvs S&t: Ttjr Leu 
175 180 

x.?^. .^.A.^ A?C G.^. A'^-C AGG AGG CAA CAG GAT GCA GAA ATA GAA GAC AAT 
v»... .....V -.hx Arg Arg Gifx Gin Asp Ala Giu lie Glu Asp Asn 

195 200 

^- " - - - ^ 1 >,\G GAC \i,C CCC GAG SA^ GAA G^ GAA 

I " '■ ' ' t bl<. rt.-. Pio Glu 01« 0..^ rl. Niy 

2^0 215 320 



: GAG CTG GTv; ACT TCC 
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GAG AAC GAG COG ATA AGG ATC CPS ChC CCG T€C GAG -SCO CAC ATC 

Gi-vj ASH Glii Arg lis Arg Lys He Leu 8is Pro S«s: Gl« fa.n His lis 
310 

CTC TT-" 'irc AAC GTC CTG GAC GTG CTS GCT GTC AGT GAG CGG TTC CTC 
Leu Pha Ser asr» Val Lsu Asp V^l x,e« Ala VaA- Si?r Glu Arg Piis Leu 
32!> 325 330 

CTC GAG CTC SAG CAC CGG ATG GAG GAG AAC ATC CTC -XIC TCT CAC GTG 
Lea Qlii Leu Gly His Arg Mei; Gin Gin Asr. He Val lis; Ser j-^s Val 
335 340 

TGT GAC ATC GTS TAC CGT TAT GCG GCC GAC CAC TTC TCT GTC I'.VC ATC 
Cys Aso He Val Tyr Arg Tyr Ala AXa Asp His Ph« Set- Val T%'r lia 
350 3SS 3S0 

ACC TAC GTC AGC AAT CAG ACC TAC CA« GAG CGG ACC TAT AJvG CAG 
Thr Tyr V&l Ser Asn Gla Thr Tyr Gin Gi« Arg Thr 'lyr Lys Gi'i Leu 
365 370 375 353 

CTC CAG GAG AAG GCA GCT TTC CGG GAG CTG ATC GCG CAG CTA GAG C~C 
Leu Gin Glu Lys Ala Ala PhiS Arg Giy Leu He Aid Gin GV) L?>u 
385 395 

GAC CCC AAG TGC ASG GGG CTG CCC TTC TCC TC'C iTC CTC ATC CTG CCT 
Asp Pro Lys Cys Arg Giy L«ii Fro frh* Ssr Ssr L«d TJl«» L*is S-ro 
400 405 410 

ITC CAG AGG ATC ACA CGC CTC AAG CTG TTG GTC CAG AAC ATC CTS AAG 
Phe Gi« Asrg lis Thr Arg Le« Lys Lea L»u Val Gin Aso He Le« Lys 
420 ,i25 

AGG Gm GAA GAG AGG TCT GAG CSG GAG TGC ACT GCT TTS GAT GCT CAC 
Arg Vai Gisi Glu Arg £er Glu Ara Glii cys Thr Ala Le« Asp Ala His 
^30 435 440 

AAG GAG CTG GAA ATG GTG GTG AAG GCA TGC AAC GAG GGC GTC AC-G AAA 
Lys Glu Le!i Glu t-fet Val V&l Lys Ala Cys Asn Clii Gly Val Arg Lys 
450 4S5 460 

AT- ACC CGC aCfl GAA CAG AT'S ATC AGC ATT CAS AAG AAG ATG GAG TTC 
Hpv. .;-sr t-ii- 'i Thr Glu SIr Mst He Sar 11« GXti Lys Lv« MsC Siu Phe 
470 "" 475 

ATC TCCi GTG CCC ATC ATC TCC CAC TCC CGC TGG CTG CTG AAG 

Lyj Lvi Sfer V*i Pxo lia 11* Sor His S«r Ara Trp Leu L*u Lys 
485 490 

CAG GST SAG CTG CAJ! CAG ATG TCA GGC CCC AAG ACC TCC CGG ACC CTC 
Gin Gi.y Glu L«u Gin Gin hfe;. oly Pio Lys Thir 3»r Arg Tiir Leu 



Asp Ssr Ala I'xo 
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CAC CCA T?>C GTG GCT CAQ CAG CCA GAC GAG CTC? A^'G C'T^-; nr^c C"^^ ncr- i ggs 

His Pro Tyr Val Aia Glr. Gin Pro Asp Glu Lsu Thr hma Gi^i T.f.» 

£25 £30 6:Vi 

GAC ATC CTC AJvC ATC CTG GAC AAG ACT GAC CAC GGG TSG ATC TTT GGC 303 ^ 

asp lis Lsli Asti lie Leu Asjj Ly& Thr Asp Asp Gly "Tip lis Giv 
640 S45 6^0 

SAG CGT CTG CAC GAC CAS GAG AGA GGC TCG TTC CCC AGC TCC ATG ACT 2073 
Giu Arg Ls!« His Asp Gin Glu Arg Giy Trp ?hs Pxo s«r Ssr *i«t Th'- 
SSS 6SG sss 

GAG Arc ITG AAT CCC AAG ATC CGS TCC CAG AAC CTC AAG GAA TGT 2121 
Giu Glu Asn Pro Lys Atg Sar Gin. kan i.«!u Lys GXu Cys 

S70 67S 680 

TTC CGT GTC CAC AAG ATG GAT GAC CCT CA^3 CGC AGC CA3 AAC AAG GAC 2175 
Phe hr3 Val His Lys H«t Asp Asp Pro Glr. Ar« Ssr Gin Asn Lvs Asp 
585 590 695 " 700 

CGC AGG AAG CTG SGC AGC CCG AAT CGG CAA TGA CCCCCACCCA GGGGGCCAGC 222S 
Arg Arg tys Leu Giy Ser Ajt? Asn Arg Gin * 
705 710 

GGCAGCAGGG CCTGCATGAG ACCCCGACAG AACGTGGGGG aSGrjCXif^GGG GGCTC'iG<3GA 2288 

AGCACAGGCC AGCACCTCCC CAGGTGGCAG i^ATCTGGCTT GGGGTGCCCG GCCCTCATCC 2 3 48 

CTGCCCACGC AGTGAGTGCT CA'jSSTGTCTT GGCCCCTTGC T«:GCAAACTG GATAAAGGCT 2408 

GCCCAAGCCT CTCCTGATGC ATTTGTAaAC JiAGAAGGTTT CAGCAGTATT ACACCACCTC 24SS 

CCTCATSCCT CC<SAG<SGGGT GGAAGGGG5T GGGCACACTC CAGGGCCCCC CATGCCCC1S3 2523 

GCCCCCAGCSG ATTCGAAGAG GCTCCC,!iACC CAGAGTGTCC CTG'I'GGGAGG CAGGCAGAAG 255 S 

fj '%a'"T m AT™ C CCAi-C T C T "TT"AC -""X. jA^CA <.T^^ 26 

A \ CC^-^ C '•G ACoGAt TGA A C ts " '73 

A "T AG« CT CT" n'^Ct.'" 27CS 

I Tr A A ""^ w 1 ^GA'-C iSiij 

""I T TT '"^•^C -"CTTAn, Trt 2 8 

A C^TTATO "TC'^A'-AA '>94S 



T-T ^A. -^ZiAV" c-T ^ 

-iT^G "> -^C ^AAAAArt iiA.^tAA«AAA. AaT ""^A 

{2) IN?0R3SATI0K fOft SBO ID ^0:2: 

(i) SEQUEtJCS CIJASACTERISTXCS : 
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!D! TOFOLOSY: linear 

Mel. Ciu Thr 3iu S«t- &lu Asp Leu Glu Lvs Thr Arg Arg L-.'s Sex 

r . T r T- , I . X.. Lys Val Lvs Pro 

G^vl wv-i icU lu Jj\S , t TV ''(s ( tl \ ^ Asp Qlxi Il« 

35 40 45 

Sin Asp Lys Glv !?ro Kis Cys His lis Pxy ile t-ys Arg Aisn S*r X.1e 
50 55 60 

S"h« Asn jsjrg s»x lis Arg Arg l,ys Ser t,ys Ala I.ys Ala Aicg Asp Asn 
70 75 go 

Pro aiu Arg A3r= Aia cys Ley Aia hs-a 3ar iSls-i Aso Asn Gly Lys 
555 90 9S 

3sr Vai Asr. Gl'j Pro te« Thr L«u Asn Ila Pro Trp S«sr Ara M«t Pro 
i«>i3 105 110 

Ffo Cys Arg Thr Al« Xet Gin Tlir Asp Pro Glv Ala Gin Glu Hs3t S«r 
13 5 120 125 

i i:-.. 140 ^"'^ "^^ 

A*^ L3U Alai Asp fcsr fro Thr Thr Lc-u Thr G.Ui Ala Arg mt lis 



Tbr ;v^g Air:i( Gin Gin Asp Aia Gi« lia Glu Asp \r.n Thx '\sn G-v '^e-i- 

Pro Ala Ser Glu Asp Tiir Pro Giu Giu Glti fiia Glu Slu Ciu Glu Giu 
210 21h 220 

Glu Glu Pro Ala Ser Pro Pro Glu Arg lys Thr Leu Pro Glr. lia Cys 
■^2-^ 230 235 240 



r Asn Prcj Kii; 



5er Acg Phe Asii Lsu Trp Gin. Asp ijau frst 
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Tyr hrg 'Vyr Ala Ma Asp His Phe Sor Val IVr 11- Tte" Tyr Val Sar 



Ala Ala Phs Atg Glu lis Ala Gin Lsu Giu L«u Asp Pro Lvs Cys 
385 .590 335 " 

Arg Giy Pro Phe Ser Sar Ph«. Lau I3.« Ley gyo Pha Gin Arg lie 
405 410 4ll 



Arg S«r Giu Ajr? Giu Cys Thr Ala l^eu Aso Ala His hvs Giu L«u Giu 

*5S 440 ■ 445 

mz Vai Vai i,ys Aia Cys Asn Siu Gly Val Arg Lvs Met Sssr Arg Thr 

450 455 460 

«iu cm Kst lis Ssr lis Gin Ly.-s hys Met Giu Phe Lvs lis .tvs Ser 

46i 470 •■ - 

»/al Pro lis Il« Ssr Bis Sar Arg Trp L«« J:,eu :.vs Glr. Gly Gly E.eu 

4«S 430 " 495 



cys Arg Gin lio Pro Gly Asp Lys Tyr Gin Vsl Ph^ Asp K«r Als Pro 
Arg Gly Lfett L6U Arg Vai Clu Gia L&ii Siu Asp Glr. GJy G";^ ■^hr Lss'.j 



Met Thr Ser I.«u Aia Pro hsn Arg Arc thr Lys Phe Vai Ser Ph« 'fhr 

5S5 600 SOS 

Ser Arg h&u Leu Asp Cys Pro Gin Vai Gin Cys Vai His Fro T'/r Vai 
610 SI 5 

Aia Ci« Gin Pro Asp Gla Thr Lsu Sin Lau Ala Asp tie L«u Asr. 

530 gjs S40 

L^.i Asp ivs; Thr A:^v, A.p Gly Tr^-: Ii<.. Pii-'i Giy Glii Arg LSU His 

t45 650 6SS 



&€5 670 

Asn Pro t>ys He Arg Sex <;in Asn Leu Lys Giu cys fhe Ara Vai His 
S75 S80 ggs 

Lys Met Asp Asp ?rcj Gin Arg Ssr Gin Asn Lvs Asp Arg Arg tys Leu 
S90 S95 

Giy Ser Arg Asn Arg Gin * 
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What is claimgd: 

1. An isoiated Rac-GEF polypeptide or a biologically-active fragment 
thereof. 

2. An isolated Rac-GEF, or a biologicaiiy-active fragment thereof, of claim 
1, wherein said polypeptide has a guamne nudeotide exchange activity, 
a specific binding affinity for a guaiwie nucleotide depleted Rac, or a 
cellular oncogenic transforming activity, 

3. An isolated Rac-GEF or a biologically-active fragment thereof of claim 
i which is of human. 

4. An isoiated Rac-GHF of claim 1 comprising amino add 1 to amino acid 
711, as set forth in Fig. 1 {SEQ. ID NO: 2). 

5. An isolated biologicaiiy-active fragment of Rac-GEF of claim 4 which 
comprises amino acids 273-605. 

6. An isoiated Rac-GEF, or a bioiogicaily-active fragment thereof, of claim 
1, which is substantially purified. 

7. An isoiated nucleic acid comprising a nucleotide sequence coding for a 
Rac-GEF polypeptide. 

8. An isoiated nucleic acid of claim 7, wherein said coded for polypeptide 
has a guanine nucleotide exchange activity, a specific bindiiig affinity 
for a guanine nucleotide depleted Rac, or a cellular oncogenic 
transforming activity, 

9. An isolated nucleic add of claim 7 which is human. 

10. An isolated micleic acid of claim 7, wherein the nucleic acid sequence 
codes for amino add 1 to amino acid 711, as set forth in Fig. 1 (SEQ. ID 
NO: 2). 

11. An Isola ted nucleic acid of claim 7, wherein the nucleotide sequence is 
operably linked to an expression control sequence. 

12. An isolated nucleic acid of claim 7, wherein the nucleic acid comprises a 
naturally-occurring nudeotide sequence. 

13. An isolated nucleic acid of claim 7, wherein the nucleic acid codes for 
said polypeptide without interruption. 
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An isolated nucleic acid of claim 7, wherein the nucleic acid is DMA or 
RNA. 

Ai\ isolated nucleic add of claim 7, wherein the nucleic acid ftirthef 

comprises a detectable label. 

An isolated nucleic acid of claim 7, except where one or more amino 
acid positions are substituted or deleted, or both, and the polypeptide 
coded for by the nucleic acid is biologically-active. 
An isolated nucleic acid of claim 16, wherein the bioiogicai activity '■& a 
guarune nucleotide exchange activity, a specific binding affinity' for a 
guanine nucleotide depleted G-protein, or a cellular oncogeitic 
transforming activity. 

An isolated nucleic acid of claim 16, wherein the one or more 
substituted amino acid positions are substituted by conservative amino 
adds. 

An isolated nucleic add of claim 16, wherein the one or more 
substituted amino acid positiom is in the Dbi homology domain or the 
pieckstrin homology domain. 

An isolated nucleic acid comprising a nucleotide sequence which 
hybridizes, or whose nucleic acid complement hybridizes, under 
stringent conditions to base pairs of nucleotide sequence 900-1482 as set 
forth in Fig. 1 (SEQ. ID NO: 1), 

An isolated nucleic acid claim 20 comprising at least 95% nucleotide 
sequence identi ty to the nucleotide sequence set forth in claim 20. 
An isolated nucleic acid of claim 20, wherein said nucleic acid codes for 
a polypeptide having a guanine nucleotide exchange activity, a specific 
binding affinity for a guai^ne nucleotide depleted Rac, or a cellular 
oncogenic transforming activity. 

An isolated ivucleic acid comprising a nucleotide sequence whidi is 
unique to Rac-GEF. 
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24. An isolated nucleic acid comprising a nucleotide sequence which 
hybridizes, or whose nucleic acid complement hybridizes, under 
stringent conditioite to the unique nucleotide sequence of claim 23. 

25. An isolated nucleic acid of claim 24 which codes for a polypeptide 
having a guamne nucleotide exchange activity, a specific binding 
affinity for a guarui\e nucleotide depleted Rac, or a cellular oncogerttc 
traivsforming activity. 

26. A method of expressing in transformed host cells, a Rac-GEF 
polypeptide coded for by a nucleic acid, comprising culturing 
transformed host cells containing a r^ucieic acid according to claim 7 
under conditions effective to express the polypeptide. 

27. A method of expressii\g, in transformed host cells, a polypeptide coded 
for by a nucleic acid, comprising culturing transformed host cells 
containing a nucleic acid accordii^g to claim 20 under conditions 
effective to express the polypeptide. 

28. A method of claim 26, further comprising isolating the polypeptide. 

29. A method of claim 26, further comprising modulating expression of the 
polypeptide. 

30. An isolated polypeptide produced by a method of claim 26. 
An isolated polypeptide produced by a method of claim 27. 
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32. A transformed host cell contaiiung a nucleic add of claim 7. 
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A transformed host cell containing a nucleic acid of claim 20. 

34. A vector comprising a nucleic acid of claim 7. 

35. A vector comprising a nucleic add of claim 20. 

36. A method of modulahng an activity of a Rac polypeptide comprising, 
admirustering an effective amount of a Rac-GEF polypeptide or a 
biologically-active fragment thereof, or an effective amount of a 
compound which modulates the activity of the Rac-GEF. 

37. A method of claim 36, wherein the Rac-GEF, or bioiogicaliy-active 
fragment thereof, comprises an amino acid sequence which has a 
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Specific biiiding acavity for a guanine nucleotide depleted state of said 
Rac. 

38. A method of modulating an activity ot a Rac polypeptide comprising; 

introducing a nucleic acid of claim 21 into said cell under 
conditions vvhereby said nucleic acid is expressed in an effective 
amount to modulate said activity of Rac in said cell, 

39. A method of daim 38 wherein said nudeic acid oncogenicaily 
transforms said ceil. 

40. A method of isolating a molecule ti^at binds to a guanine nucleotide- 
depieted state of a Rac polypeptide comprising; 

contacting a Rac polypeptide with a medium comprising said 
molecule under conditions effective for said molecule to bind to said 
Rac polypeptide; and 

separating said Rac polypeptide to which said molecule has 
bound from said medium, 

41. A method of daim 40, wherein said moiecuie is Rac-GHF. 

42. A method of daim 40, wherein said moiecuie has a molecular weight of 
about 82.5 kilodaltons. 

43. A method of claim 40, further comprising separating said moiecuie 
from said Rac polypeptide. 

44. A method of modulating an activity of a GTPase comprising, 
administering an effective amount of a guanine nudeotide exchange 
factor or a bioiogically~acd\^e fragment thereof, or an effective amoimt 
of a compound which modulates the activity of the guanine nucleotide 
exchange factor. 

45. A method of daim 44, wherein the guanine nudeotide exchange factor, 
or biologically-active fragment thereof, comprises an amino add 
sequence which has a spedfic binding activity for a guanine nudeotide 
depleted state of said GTPase. 
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46. A method of testing for an agent which modulates the guanine 
nucleotide exchange activity of a guamne nucleotide exchange factor 

comprising: 

contacting a mixfure I r (a) a '••')\pLrndt ci. ^ipii^uiiL' e:uan,ri- 
nucieotide exchange factoi, c- a j;3o!ogicahv ictist. tia^nit^n th'-n < i 
and (b) a polypeptide comprising a vlTPasc a buiu-'icai . M^^- 
fragment thereof, to whid\ the exchange factor can bind, with an agent; 
and 

assaying for the presence or amount of guanine nucleotide 
exchange activity in the presence or absence of a GEF enhancer. 

47. A method of claim 46, wherein the GTPase is Rac 

48. A method of claim 47, wherein the guamne nucleotide exchange factor 

is Rac GEF asid paid GEF enhancer is ascorbyi stearate, 

49. An agent identified by the method of claim 48. 

50. A method of testing for an agent which modulates the binding between 
a guanine nucleotide exchange factor and a GTPase comprising: 

contacting a mixture of (a) a polypeptide comprising a 
guanine nucleotide exchange factor, or a bioiogicaily-active fragment 
thereof, and (b) a polypeptide comprising a GTPase, or a biologically- 
active fragment thereof, to which the exchange factor can bind, with an 
agent; and 

detecting the presence or amount of binding between the 
guamne nucleotide exchange factor poiypeptide, or the biologically- 
active fragment thereof, and the GTI^ase. 

51. A method of claim 50, wherein the GTPase is Rac. 

52. A method of claim 50, wherein the guanine nucleotide exchange factor 
is Rac-GEF- 

53. An isolated agent identified by the method of claim 50. 

54. An isolated antibody ^vh^ch is specific for a Rac-GEF or a peptide 
comprising a sequence present therein. 
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An isolated antibody of claim 54, which binds to an amino add 
sequence selected from the group consisting of 

RNAFRELL^OLELDPKCOOH 

HjNYQER'l-YKLPFSSFLCOOH 

H,NPQRSQNKDRRXI..GSRNRQCOOi-i 
A method of increasing the guanine nucleotide exchange activity of a 
guanine nucleotide exchange factor, or a bioiogicaiiy-active fragment 
thereof, said factor capable of acting on a member of the Kas 
superfamiiy of GTPases, comprising the steps of: 

contacting sasd guanine nucieotids exchange factor, or a 
biologically-active fragment thereof, with said member of the Ras 
stiperfamiiy of CJiTPases, or a biologicaliy-active fragment thereof; and 

assaying for guamne nucleodde exchange ac{i\'ity under 
appropriate conditions in the presence of a guamne iiucleotide 
exchange factor ei^tiancer. 

A method as described in claim 56 vvi^erein said member of the Ras 
superfamily of GTPases is Rac and said guanine nucleotide exchange 
factor is Txam-1. 

A method as described in claim 57 wherein said GEF enhancer is 
selected from the group consisting of ascorbyi stearate, ascorbyl 
palmitate, and phosphoinositol. 

A method as described in claim 58 wherein said piiosphoinositol is 
selected from tlie group consisting of FI3,4,5Pj, FI4,5Pj and PMP. 
A method of assaying for a com.pound to treat disease resulting from 
increased guanine nucteotide exchange cictivity of a guamne nucleotide 
exchange factor, or a bioiogically-active fragment thereof, said factor 
acting on a member of the Ras superfamiiy of GTPases, comprising the 
steps of: 

contacting said guanine nucleotide exchange factor, or a 
biologically-active fragment thereof, with said member of the Ras 
superfamiiy of GTPases, or a biologicaSIy-active fragment thereof; 
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assaying for guanine nucleotide exchange activity under 
appropriate conditions in the presence of a guanine nucleotide 
exchange factor enhancer^ and in the presence and absence of said 
compound; and 

determining if said compound decreases said guanine nucleotide 

exchange activity. 

61. A inethod as described in claim 60 wherein said member of the Ras 
superfamily of GTPases is Rac, 

62. A method as described in claim 61 wherein said guanine nucleotide 
exchange factor is Tiam~l. 

63. A method as described in claim 62 wherein said GEF enhancer is 
selected from the group consisting of ascorbyl stearate, ascorbyl 
palmitate, and phosphoinositoi. 

64. A method as described in claim 63 wherein said phosphoinositoi is 
selected from the group consisting of PI3,,4,5P,,, PI4,,5P, and PI4P. 

65. Compounds of ciaim 60 that decre.-jse said guanine nucleotide exchange 
activity. 

66. Ligands that bind to the Src homology 3 domain on Rac-GEF, 

67. Ligands that bind to the Src homology 3 domain on Rac-GBF identifted 
by tiie methods of claims 46 or 50. 
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r t oijr - - Gr. Ci-u iis G A-a A.^ G-. - ^st; i--^ 
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AG 



— Dbi Homoiesav Do mam- — 



t, ft 



«««»a.a. 379-402- 



-Ob! insert Region 
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-Obi Homcsogy Domain -i 

¥□1 Lys A:a Cvs Asr. Gb Giy Vol Arg lyS i^et S*Jf Arg Thr 3:%: Girs flet i!s Ser Ha G;^ LyS LyS r*&t Giv.- 
T-rA;SGATCAAGTCGGTGCCCArCATCTCCCACTCC:CSCTG;;: TStrGAAGCASS STGAGC~:wAGCAaATartA 

f^--"- - a a. -«-«---«-««««--«^ 

« • Piecjt*^ Hc.m«V>gy OotT^ ■ ■ 

Phs Lys Ue LyS Ssr vai ?^r-o .:9 He Ser Ser Acq Trp lsu Leu Lys G-y -^u Le-u Gir; Gi": i-iet Ser 



^rr-. tyc ihr B&r Arq i Arq -rr i.vs i.vs i.su Phe !<;s l» ;te Tvr L.ej Prie i.s*- r-.-ie Asn «50 



^ (.8 fe^O 



~Src Homotoqy Domasn 



__„.»_.™™„_ — Src; i-toncloay s Do;r, 

■''~AA« A"" >" i" o'^., '~w>LA>, A 



h-iomoiOQV 3 D ^ 

^ , V va His A p A<;d ^rc <j A - -er r n A-'> Ly Asp 

' '-"^ ^^^^'^^^^^^^''-^^ ^ '^^'^^^^'^"^7^"^'''?'^^"^^^^^ C^a-'A-SAG A^ 
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Brain Spec nc Sea n-nue Map H ' i> £ ..-a csjusrce 
enzymes: Aff 440 enzymes sNo Filter? 

. 8f3in Specific Sequence 

I 1-6S 



- !3 ; a ! ! 1 Specific Sequerwe " 

A-g P-o Ala A^c Asd ?ro ^^^^Jf^^^f^^j^^^ 
ACC TCSSAAAGCGACGCaCGCSACrCGGCQGCGSSACACtTGCCCGGC 
— ^ Brain Specific Sequence 



Thr Ssr fib Ser Asp Aid Arg Asp Ser Aia Alo Gly Hss Leu Pro GV 
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